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CHAPTER  1 
INTRODUCTION 

The  element  phosphorus  probably  plays  a  more  varied  and  important 
role  in  the  chemistry  of  living  organisms  than  any  other  single  element. 
It  -^vas  first  prepared  in  the  free  state  in  I669  by  Brandt,  a  German 
chemist,  and  first  recognized  as  an  essential  constituent  of  bones  by 
Gahn,  a  Swedish  chemist,  in  1769.  Subsequent  research  has  demonstrated 
that  it  is  also  an  essential  constituent  of  proteins  and  fats  occurring 
in  muscular  tissues  and  vital  organs.  Phosphorus  has,  by  virtue  of 
its  association  with  nucleic  acids,  been  found  to  be  an  Important  part 
of  the  structure  of  chromosomes.  Phosphates  are  also  knovm  to  be  impor- 
tant buffers  in  tissue  fluids. 

That  animal  rations  may  sometimes  be  deficient  in  mineral  elements 
began  to  be  recognized  in  France  and  Germany  about  100  years  ago  when  weak 
bones  in  cattle  grazing  in  certain  localities  began  to  be  associated  with 
mineral  deficiencies  in  the  soil.  Ewing  (1963),  in  tracing  the  history 
of  phosphorus  in  animal  feeding,  stated  that  in  I86I  Van  Gohren  reported 
that  the  ocurrence  of  v;eak  bones  in  cows  grazing  in  certain  areas  near 
the  Rhine  River  could  be  prevented  and  cured  by  feeding  small  amounts 
of  bone  meal.  Subsequent  analyses  of  the  soil  and  grass  in  these  areas 
revealed  an  abnormally  low  percentage  of  phosphorus  and,  to  a  lesser 
extent,  calcium.  This  report  is  the  earliest  recorded  use  of  a  phosphate 
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feed  supplement  for  the  specific  purpose  of  preventing  a  phosphorus 
deficiency  disease  in  livestock,  according  to  this  revieiver. 

The  most  abundant  source  of  phosphorus  for  feed  purposes  is 
rock  phosphate.  TTorld  reserves  of  26  billion  tons  have  been  estimated, 
about  half  of  which  is  located  in  the  United  States.  It  began  to  be 
used  as  a  source  of  phosphorus  in  plant  nutrition  as  early  as  i860, 
and  fed  to  livestock  in  the  United  States  about  19l5.  The  danger  of 
fluorine  toxicity  in  raiiv  rock  phosphate  limited  its  use  until  19U0, 
•when  defluorinated  superphosphate  was  first  produced  on  a  commercial 
scale.  Many  types  of  phosphates  are  now  in  use  in  animal  feeds. 

Numerous  studies  have  been  conducted  to  establish  the  phosphorus 
requirement  of  the  chick,  with  quite  a  variation  in  reported  require- 
ments. McGinnis  et  al^  (l9liU)  reported  that  levels  of  greater  than 
0.58  percent  phosphorus  were  required  for  maximum  calcification.  Sing- 
sen  et  al.  (I9li7)  concluded  that  the  available  phosphorus  requirement 
for  satisfactory  calcification  appeared  to  lie  between  0.38  and  0.U7 
percent  of  the  diet.  Gillis  et  alj_  (19U9)  reported  a  requirement  of 
approximately  0.50  percent.  This  level  was  also  suggested  by  O'Rourke 
et  alj_   (1952).  Grau  and  Zweigart  (1953)  indicated  that  maximum  tibia 
ash  of  chicks  was  obtained  with  a  level  of  not  more  than  0.1i5  percent 
phosphorus . 

Fisher  et_  al^  (1953)  reported  that  chicks  required  0.58  percent 
total  phosphorus  for  maximtm  calcification.  Couch  et  al.  (1937)  sug- 
gested that  a  level  of  0.76  to  0.8l  percent  phosphorus  was  adequate  for 
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normal  grov/th  and  bone  calcification  of  chicks  up  to  t'.'jelve  Tweaks  of 
age.     Further  studies  are  revieived  by  Singsen  et  al.   (19U3),  Gillis 
et  al^  (19U9)  O'Rourke  et  al^  (1952),   and  Nelson  and  TTalker  (l96U). 

A  standard  assay  method  for  evaluating  phosphorus   conpounds 
is  desirable  in  order  to  establish  uniform  values  for  each  supplement. 
However,   considerable  variation  has  been  observed  in  the  methods  used 
to  test  the  utilization  of  the  various  phosphates.     In  certain  assays 
constant  calcium  to  phosphorus  ratios  -were  employed  (Creech  et  al., 
1956,  Nelson  and  Peeler,   1961),  while  in  others  constant  calcium  levels 
of  1.0  percent  (Araraerman  et  al.,   I960)  or  1.2  percent   (Gardiner  et  al., 
1959)  were  used.     Similar  variation  has  been  observed  in  vitamin  D 
levels,   supplementary  phosphorus  level,   reference  phosphate  used,   and 
other  factors. 

The  variability  in  these  reports   indicates  the  necessity  for 
a  standard  assay  procedure  for  determining  both  the  requirement  of  the 
chick  for  phosphorus  and  the  availability  of  phosphate  supplements. 
Therefore,   studies  were  undertaken  to  determine  factors  which  may 
account  for  variation  in  phosphorus  utilization  by  the  chick  in  an 
attempt  to  develop  a  standard  assay  procedure  which  would  permiit  a  more 
accurate  study  of  phosphorus  in  poultry  diets. 
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CHAPTER  2 


MATERLILS  AND  IvETHODS 


The  broiler  chicks  used  in  these  studies  were  a  Vantress  x 
Y/hite  Plymouth  Rock  cross   obtained  from  a  commercial  hatchery.     At 
one  day  of  age  the  chicks  vjere  sexed,   debeaked,  vaccinated  for  New- 
castle disease  and  infectious  bronchitis,   and  randomly  assigned  to 
treatment  pens. 

The  battery  brooders  used  in  these  studies  were   Cakes  801-A 
five  deck  thermostatically  controlled  electrically  heated  battery 
brooders  v;ith  raised  wire  floors, 

T^vo  types  of  floor  pen  facilities  were  used.     The  first  type 
had  pens  10  x  12  feet,  equipped  with  2  feed  troughs,   h  feet  in  length, 
and  1  bell-type  automatic  water  fount.     The  second  type  had  pens  that 
were  5  x  B  feet  in  size,   each  containing  a  tube-type  feeder  and  a  bell- 
type  automatic  water  fount.     Lnfrared  bulbs  were  used  as  the  heat  source 
in  both  types  of  floor  pens. 

Chicks  used  for  bone  ash  determinations  were  sacrificed  at  the 
selected  age  and  the  right  tibia  removed.     The  bones  were  boiled  for 
3  minutes,   cleaned  of  adhering  tissue,  and  lightly  polished  with  cheese- 
cloth.    After  drying  for  21;  hours  at  100°  C  the  bones  were  collectively 
ether  extracted  and  then  ashed  individually. 
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Tae   data  collected  in  these  studies  -were  subjected  to  the 
analysis  of  variance  as  outlined  by  Snedecor  (195?)  \vith  significant 
differences  between  treatment  means  determined  by  use  cf  the  multiple 
range  test  of  Duncan  (1955).  Orthogonal  components  of  variance  -.vere 
determined  follovjing  the  procedure  of  Snedecor  (1957), 
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CHAPTER  3 
THE  IlffLUENCE  OF  PHOSPHORUS  LEVELS  IN  THE  MATERNAL  DIET 

Assay  methods  for  certain  nutrients  in  the  diet   of  chicks 
have  been  cciiplicated  to  an  extent  by  maternal  influences.     Variation 
in  the  amoimt  of  the  nutrient  supplied  in  the  diet   of  the  dam  often 
influences  the  amount  of  this  nutrient  supplied  in  the  egg  to  the 
developing  embryo.     This  is  true  for  certain  vitamins  and  antibiotics 
and  may  also  be  true  -with  inorganic  nutrients.     Therefore,  variation 
in  the  phosphorus  level  of  the  maternal  diet  could  possibly  affect 
the  results  of  phosphorus  studies  with  young  chicks,  since  most  phos- 
phorus studies  are  conducted  v;ith  young  chicks  3  to  U  v;eeks   of  age. 

The  objectives   of  this  study  were  to  detejrraine  the  effect 
of  the  phosphorus  level  in  the  breeder  diet  upon  (l)  the  hatchability 
of  eggs   (2)  the  mineral  composition  of  the  whole  egg  and  the  tibia 
of  the  day-old  chicks,   and  (3)  the  rate  of  bone  mineralization  of  the 
grcn,ving  chick. 

•i"  -v.'  Experimental  Procedure 

^l-'?';;:     ■  Two  groups,   each  containing  $  commercial  egg  production  type 

^i.' ■■'■'-  hens,  •'.rere  fed  on  each  of  the  basal  diets  shown  in  Table  1.     Tv70 

,1:.^,  ;■,.;  additional  groups  of  5  hens  were  fed  each  of  the  basal  diets  sup- 

plemented with  0.35  percent  phosphorus  from  feed  grade  defluorinated 
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TABIE  1 


,t/"  •  ■■  '■-■■-". 

Composition  of 

diets 

I-., 

Ingredient 

Diet 

1 

2 

3 

U 

( Percent 

of 

diet) 

Yellov;  corn 

37.10 

32.10 

65.60 

59.90 

Oats 

30.00 

29.20 

•      • 

•   • 

"}.  -  ■  ^■ 

Animal  fat 

.   . 

ii.70 

•      • 

U.70 

■ .'   •   -\  , 

Soybean  mec 

il  ($0%  protein) 

21.00 

22.10 

22.50 

23.50 

Alfalfa  mec 

il  (17$2  protein) 

5.00 

5.00 

5.00 

5.00 

Ground  lime 

istone 

6.00 

6.00 

6.00 

6.00 

^■^ 

Iodized  sa] 

o.Uo 

O.liO 

O.Uo 

O.iiO 

fe- 

Micro-ingre 

idiento- 

0.50 

0.50 

0.50 

0.50 

%  Tot 

al  P 

0.39 

0.39 

0.3U 

o.3li 

Supplies  per  pound  of  feed:     2,000  I.U.  vitamin  A,    700  I.C.U, 
vitainLn  D3,   6  meg.  vitamin  B2_2,   2  rag.  riboflavin,   U  rag.  calcium  panto- 
thenate,  h  rag.  niacin,   227  mg.   choline  chloride,   2.5  I.U.  vitamin  E, 
'^^■d    •       0.08  gras.  MnSOi^  and  0.5  mg.  menadione  sodium  bisulfite. 
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phosphate.  The  hens  were  maintained  in  individual  v;ire  cages  and 
given  the  experi-nental  feeds  and  tap  ivater  ad  libitum.  Since  the 
composition  of  the  diet  did  not  affect  hen  performance  or  chick 
measurements,  only  the  effect  of  supplemental  phosphorus  will  be  dis- 
cussed. 

After  the  hens  had  received  these  diets  for  7  months  they  were 
inseminated  twice  each  week  with  pooled  semen  from  cockerels  receiving 
a  complete  breeder  diet.  All  eggs  produced  for  a  9 -day -period  were 
incubated  in  order  to  determine  hatchability.  Two  chicks  from  each 
hen  were  sacrificed  at  1  day  of  age  and  the  right  tibia  removed  for 
bone  ash,  calcium,  and  phosphorus  determination. 

All  remaining  chicks  were  wingbanded  and  placed  in  electrically 
heated  battery  brooders  and  were  fed  the  basal  diet  of  Ammennan  et  al. 
(1961)  with  0.2  percent  supplemental  phosphorus  from  defluorinated 
phosphate.  They  were  given  the  experimental  diet  and  tap  water  ad 
libitum.  At  2  weeks  of  age  all  chicks  were  sacrificed  and  the  right 
tibia  removed  for  bone  ash,  phosphorus,  and  calcium  determination. 

The  total  ash,  phosphorus  and  calcium  content  of  the  fresh 
egg  were  determined  on  3  eggs  from  each  hen  immediately  following  the 
collection  period  for  the  hatchability  study.  The  eggs  were  crushed 
and  placed  in  a  beaker,  and  the  major  portion  of  the  moisture  was 
removed  in  a  drying  oven  before  they  were  transferred  to  a  muffle 
furnace  for  ashing. 

The  ash,  calcium  and  phosphorus  content  of  bones  and  eggs  :-  ~ 
was  determined  by  the  procedures  outlined  by  A.O.A.C.  (i960). 
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Results  and  Discussion 


;  ■;>.•;>!.. 


%!?^ 


V';*t-,:v" 


Supplementing  the  basal  diets  used  in  this  experiment  with 
0.35  percent  phosphorus,  from  defluorinated  phosphate,   significantly- 
increased  hatchability  of  fertile  eggs   (Table  2),     Although  hatch- 
ability  of  eggs  was  increased  by  the  supplemental  phosphoims,    it  did 
not  change  the  ash,  phosphorus   or  calcium  content  of  the  fresh  egg. 
The  observation  that  diets  low  in  phosphorus  resulted  in  low  hatch- 
ability  without  altering  the  percentage  of  phosphorus  in  the  egg 
agrees  with  data  reported  by  O'Rourke  et  al.   (195U). 

The  finding  that  0.35  or  0.39  percent  total  phosphorus  was 
inadequate  for  normal  hatchability  does  not  agree  with  data  of 
O'Rourke  et  al^  (I95ii),  who  found  a  phosphorus  level  of  0,30  or 
0.35  percent  was  adequate  for  normal  hatchability.     This  discrepancy 
can  be  partially  explained  by  the  fact  that  the  basal  diet  of  O'Rourke 
et  al^  (I95ii)  contained  only  0.19  percent  total  phosphorus,  therefore, 
it  contained  considerable  supplemental  inorganic  phosphorus.     The 
basal  diet  employed  in  this  study  contained  no  supplemental  inorganic 
phosphorus.     Since  it  is  known  that  form  of  dietarj^  phosphorus 
(organic  vs.   inorganic)  greatly  influences  its  availability,  the 
difference  in  the  type  of  phosphorus  in  the  2  basal  diets  could 
account  for  the  difference  in  results. 

The  ash  content  of  the  tibia  or  the  phosphorus  or  calcium 
content  of  the  tibia  of  day-old  or  lU-day-olc  chicks  was  not  in- 
fluenced by  the  supplemental  phosphorus  in  the  maternal  diet  (Tables  3 
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TABLE  2 


natchability  and  phosphorus  and  calcium  content  of  eggs  when  hens 
were  fed  diets  v.-ith  and  ;vithout  supplemental  inorganic  phosphorus 


m^  ■ 

= rT= 

— - — ■■ 

%  Supplemental  %  Hatchability 
Phosphorus 

Egg  Contentl 

%  Ash 

/3      X 

%  Ca           No.  Eggs 

0                           ii7.1 

8.1il 

0.191 

3.I18               120 

'., 

0.35                 68.72 

8.67 

0.189 

3,56             120 

rk'.-' 

•^Expressed  as  a  percent; 

age  of 

the 

fresh 

egg  weight. 

level 

2t1 
of  p 

lis  difference  is  statistically 
robability. 

significant  at  the  0.01^ 

f.r- 


w^'- 
!>:.?: 
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and  h).     The  variation  in  tibia  ash  contsnt  from  chicks  -within  the 
same  hen  group  was  as  great  as  the  variation  in  bone  ash  values  for 
chicks  from  different  hens.     Therefore,  there  would  be  no  advantage 
in  selecting  chicks  from  certain  hens  for  phosphor\is  assays  in  an 
attempt  to  decrease  experimental  error. 

Supplemental  phosphorus  in  the  maternal  diet  did  not  appear 
to  alter  the  chick's  ability  to  use  calcium  and  phosphorus  for 
mineralization  of  the  bone.     Therefore,   consideration  of  the  phos- 
phorus level  of  the  maternal  diet  appears  to  be  of  limited  value  in 
the  selection  of  the  chicks  for  the  biological  assay  of  phosphate. 

I  '  '  .  ■    ■■■ . 

i  .  ■/      ■ 


.  -,i* 

."-.:':j 


^  :■ 
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TABLE  3 


Ash,   phosphorus,   and  calciun  content   of  the  tibia  from  day-old 
chicks  hatched  from  hens  fed  diets  with  and  without 
i  supplemental  inorganic  phosphorus 


%  Supplemental  Tibia  Content 

PhosDhorus 


%  Ashl  ^  p2  %  Ca2  No.  Analyzed 


0  3U.38  16.79        15.55  8o 

0^35  3l;.32  i5.1il       lli.53  80 


Expressed  as  a  percentage  of  bone   on  a  dry,  fat-free  basis, 
Expressed  as  a  percentage  of  the  tibia  ash,  / 


y.»r.;K.;;; 


y^r  "'.V. 
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TABLE  U  -  :.: 

Ash,   phosphorus  and  calcium  content   of  the  tibia  from  t^,vo  week  old 
chicks  hatched  from  hens  fed  diets  v/ith  and  without 
supplemental  inorganic  phosphorus 


!i:- ■■■■■■ 

» 

Supplemental 
Phosphorus 

■  ( 

Tibia  Content 

•■ 

%  As  hi 

%  P2 

%  Ca2 

No.  Analyzed 

'■'T';    *     V*     .■ 

0 

0.35 

Uo.8l 
lil.56 

19.00 
18.37 

i;1.98 
39-25 

S9       ': 

62            /' 

^Expressed  as  a  percentage  of  bone   on  a  dry,  fat-free  basis, 
^Expressed  as  a  percentage  of  the  tibia  ash.  /     ■ 


^m 


**■■.. 


CE'iPTER  U  . 

•.';i  '   ■.  C0I.3=AHIS0N  OF  THE  REQUIRSHENTS  OF  BATTERY  AMD 

;^:, .;  .  FLCca  grov/w  chicks  for  calcium  and  phosphorus 

"!'-   •  -"■'"   I-'  "■  "    '" 

."'•  ■  I't  has  recently  been  reported  that  the  phosphorus  requirement 

is  higher  for  laying  hens  maintained  in  cages  than  for  those  maintained 
on  litter  in  floor  pens   (Cravley  et  al.,   1961;    Harms  et  al.,   1961; 
;i^_. .    ;         liarr  et  al^,   196I;  and  Singsen  et  al^,   196l).     It  has  been  suggested 
i.-:--  ,  .'        that  hens  on  litter  may  be  getting  phosphorus  from  eating  feces, 
!-:■-■■  The  calcium  and  phosphorus  requirements  of  chicks  ivere  establish- 

%:-  ed  primarily  from  experiments  carried  out  in  batteries  ;vith  raised  v/ire 

^;^j.  floors.     Therefore,    in  view  of  the  above  mentioned  reports  it  seemed 

'vpS^;.-':         desirable  to  determine  whether  this  difference  in  requirements  existed 
-  ■     /'         i"or  battery  and  floor  grovm  chicks. 

'.''--■'_'.■■  ^  Experimental  Procedure  -''Mi 

-^-:v,  ■,,  ■  --^[ 

f-  ■-  ^"'o  trials  were  conducted.     Ln  each  trial  day-old  broiler  chicks 

:-J-;.y:    -       ^'^^®  randomized  into  30  groups  of  5  males  and  5  females,   and  20  groups         '     '  '''"^ 
of  50  males  and  SQ  females.     The  30  groups  were  randomly  assigned  to 
electrically  heated  battery  pens,  with  the  20  groups  assigned  to  10  x 
12  foot  pens  with  wood  shavings  used  for  litter. 

The  basal  diet  (Table  5)  contained  22  percent  protein,   1,000 
^i.   .;  Calories  of  productive  energy  per  pound,   O.6O  percent  calcium  and  0.ii2 

ti^m':  .  '        -■■■      -'■>::•;! 

&}■:■:  -  iii  -  •     " 


m 


fm 
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TABLE  5 
Coraoosition  of  basal  diet 


Ingredients  Percent   of  diet 


Yellovj  corn  59.03 

Soybean  meal  (50%  protein)  32, i;5 

Animal  fat  2.90 

Alfalfa  meal  (17/^'  protein)  3. CO 

Dicalcium  phosphate  0.u2 

Ground  limestone  0.85 

Iodized  salt  O.iiO 

Micro-ingredients 1  0.90 


•^Supplies  per  pound  of  feed:     2268  I.U.  vitamin  A,   10  meg. 
vitamin  B]_2,  3hO  I.C.U.  vitamin  B-^,   2  mg.  riboflavin,   9  mg.  calcium 
pantothenate,   18  mg.  niacin,   26l  rag.  cholLne  chloride,   10  mg.  terra- 
mycin  Hcl,  57  mg.  santoquin,   80  mg.  manganese  sulfate,   35  mg.  man- 
ganous  oxide,   9  mg.   iron,   0.9  mg.  copper,   90  meg.  cobalt,   5  mg. 
iodine,  U5  meg.  zinc,  ;uith  25  mg.  nitrofurazane  and  3.6  mg.  furazoli- 
done added  to  feed  for  chicks  on  floor. 


vffA**-  ^:nt., 


^ftW^' 


-  16  - 


percent  total  phosphorus.  This  diet  was  modified  to  form  9   other 
experimental  diets  containing  various  levels  of  phosphorus  and  calcium 
as  shown  in   Tables  6  and  7.  The  desired  levels  of  calcium  and  phos- 
phorus were  attained  by  varying  the  amount  of  ground  limestone  and 
dicalcium  phosphate.  Experimental  diets  were  maintained  iso-caloric 
and  iso-nitrogenous  by  varying  the  amount  of  yellow  corn,  soybean  oil 
meal  and  animal  fat.  Adjustments  in  energy  and  protein  content  of 
diets  were  based  on  values  of  Titus  (1955).  Calcium  and  phosphorus 
adjustments  were  based  on  chemical  analysis  of  ingredients,  and  the 
levels  of  these  minerals  determined  in  the  mixed  diets  were  in  close 
agreement  with  the  predicted  values. 

Each  of  the  10  experimental  diets  was  fed  to  3  pens  of  chicks 
in  batteries  and  2  pens  on  the  floor  in  each  trial.  Experinental  diets 
and  tap  water  were  given  ad  libitum. 

Chicks  were  individually  weighed  and  feed  consumption  determined 
at  k  weeks  of  age.  Three  males  and  3  females  from  each  floor  pen  and 
2  males  and  2  females  from  each  battery  pen  were  sacrificed  at  this 
time  in  trial  2  for  bone  ash  determination. 

Results  and  Discussion 


§0:- 
pi' 


Results  from  these  trials  (Tables  6  and  7)  indicate  that  the 
requirement  for  calcium  or  phosphorus  is  similar  for  battery  and  floor 
grcvn  chicks.  No  significant  interactions  were  found  between  calcium 
or  phosphorus  and  floor  vs.  battery  grovm  chicks  when  measured  by 
28-day  body  r^eights  or  bone  ash. 
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TABLE  6 


* " .' 


Body  weight  and  feed  efficiency  of  chicks  gro^^n  in  batteries 
and  floor  pens  when  fed  diets  containing  various 
levels  of  phosphorus  and  calcium  (Trial  1) 


Diet 

U- 

?/eek  body  weight   ( 

grams) 

Feed/gain 

$  ?         $  Ca 

I 

Males 

Females 

Both  Sexes 

B 

F 

:*'j>'-^^  ■■  ■  ^ 

il 

f2 

B 

F 

B 

F 

Av 

Av 

O.iiS       0.60 

k2d 

1;06 

370 

380 

399 

393 

396^ 

1.58 

1.71 

1.65    ■ 

W^                 0.71; 

i89 

377 

3iil 

356 

365 

366 

366^ 

1.58 

1.76 

1.67 

:.  ..                0.88 

-^ 

79 

37U 

3li2 

3iil 

360 

358 

359^ 

1.58 

1.70 

1.61; 

v/     0.59      0.60 

508 

507 

ii29 

i;50 

i;69 

his 

hlh^^e 

1.53 

1.61; 

1.59 

■-;/;            0.7U 

li88 

501 

hltS 

ii29 

U68 

h6S 

ii66«^d 

1.52 

1.63 

1.58 

:,    ^              0.88 

ii90 

ii92 

Ull 

li37 

U5l 

k6h 

ii58= 

1.55 

1.67 

1.61  - 

0.72      0.60 

h 

92 

520 

h6h 

h39 

i;79 

hlQ 

l;79de 

1.55 

1.66 

1.61 

:^^                 0.7ii 

509 

520 

hlh 

1.51 

1:62 

185 

l,7i,de 

l.5ii 

1.65 

1.60 

;v/:-               0.38 

517 

533 

ii38 

i;36 

177 

ii81; 

l;8ie 

1.55 

1.67' 

1.61 

'•^7-              1.10 

516 

530 

hhh 

ii37 

li80 

it33 

1822 

1.52 

1.62 

1.57 : 

Average 

ii72 

i;76 

iilO 

iil6 

iiia 

nii5 

hhh 

1.55 

1.67 

1.61 

^■■?^  1 


B  indicates  battery  grovm  chicks. 
2. 


s 


S'  • 


'F  indicates  floor  groavn  chicks. 
'Means 
different  (?=  0.05). 


Means  having  different  superscripts  are  significantly 
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These  data,   indicating  a  similar  requirement  for  calcium  or 
phosphorus  by  chicks  gro7;n  either  on  wire  or  litter,   are  in  direct       ..■'■ 
contrast  to  data  reported  for  the  lajring  hen  under  comparable  conditions 
(Crowley  et  alj_,   196I;   Harms  et  al^,   196I;  llarr  et  al^,   196I;   and  Sing- 
sen  et  aJU,   1961).     It   is  rather  difficult  to  attempt  to  explain  the 
differential  response  between  chicks  and  hens.     Certainly  these  data 
v;ould  not  substantiate  the  hypothesis  that  very  much  phosphorus  is 
obtained  from  the  feces.     Although  the  phosphorus  requirement  determined 
for  hens  maintair.ed  on  v/ire  does  not  appear  to  be  the  same  for  hens  in 
floor  pens,  this  is  apparently  not  the  case  for  chicks. 

The  calcium  X  phosphorus  interaction  was  highly  significant 
when  measured  by  body  weight  in  both  experiments  and  by  bone  ash  in 
trial  2.     This  re-emphasizes  the  importance  of  the  calcium-phosphorus 
ratio  when  the  diet  contains  a  sub-optimal  level  of  either  of  the 
minerals,   and  agrees  with  recent  data  by  Vandepopuliere  et  al.   (196I), 
and  Simco  and  Stephenson  (196I). 

Under  conditions   of  these  experiments  0.59  percent  total  phos- 
phorus in  the  diet  of  females  was   just  adequate  to  support  maximum 
groY/th,  but  was  not  adequate  for  maximum  bone  ash  (Tables  6  and  7). 
A  significant  increase  in  growth  rate  and  bone  ash  was  obtained  with 
males  when  the  total  phosphorus  content  of  the  diet  was  increased 
from  0.59  to  0.72  percent,  resulting  in  a  significant   interaction  of 
sex  X  phosphorus.     The  interaction  of  sex  and  phosphorus  has  been        ■.:■•■. 
previously  reported  (Vandepopuliere  et  al^,   1961)  and  re-^mphasizes 
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the  importance  of  considering  sex  when  determining  phosphorus  require- 
ment of  chicks. 

A  level  of  0.60  percent  calcixim  appeared  to  be  adequate  to 
support  maxlTivm  grmrth  in  trial  1  (Table  6).  Koivever,  males  in 
trial  1  receiving  higher  levels  made  numerically  but  not  signifi- 
cantly better  grovfth.  In  trial  2  a  significant  improvement  in 
body  '.veight  and  bone  ash  was  obtained  when  the  level  of  calcium  was 
increased  from  0,60  to  0.72  percent  (Table  7).  Although  there  was  a 
trend  for  the  males  to  give  a  greater  response  than  females  to  in- 
creased calcium,  the  interaction  of  calcium  X  sex  was  not  statistical- 
ly significant. 

The  calcium  and  phosphorus  requirements  of  chicks  as  indicated 
by  these  data  are  slightly  higher  than  those  reported  by  Sinco  and 
Stephenson  (l96l).  These  workers  used  a  different  type  of  diet  and 
a  different  source  of  calcium  and  phosphorus  which  may  account  for 
these  differences  in  results. 
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■ ;  CHAPTER  5 

A  COMPARISON  OF  PHOSPHORUS  ASSAY  TECHNIQUES  TflTH  CHICKS 

Studies  have  been  conducted  by  many  workers  to  establish  the 
comparative  utilization  of  phosphorus  from  various  supplements  by 
chicks.  These  reports  are  reviewed  by  Motzok  et  al.  (1956)  and 
Hui-".7itz  (196U).  In  general  these  studies  are  based  on  relating  per- 
centage of  tibia,  beak,  or  toe  ash  of  chicks  fed  a  test  phosphate  to 
that  of  chicks  fed  a  reference  phosphate  and  establishing  relative 
biological  values.  '        j- 

%-K/[  Considerable  variation  in  the  assay  procedure  employed  has 

existed.  In  certain  assays  constant  calcium:  phosphorus  ratios  were 
employed  (Creech  et  al^,  1956;  Nelson  and  Peeler,  I96I),  while  in 
others,  constant  calcium  levels  of  1  percent  (Ammerman  et  al.,  I960) 
or  1.2  percent  (Gardiner  et  al^,  1959)  were  used.  Vandepopuliere 
et  al^  (1961)  found  that  it  was  essential  to  consider  both  phosphorus 
level  and  Ca:P  ratio  when  determining  phosphorus  availability.  Nelson 
and  Peeler  (1961;)  enumerated  problems  involved  in  the  development  of 
a  biological  assay  for  feed  phosphates.  Among  these  was  the  question 
of  holding  the  calcium  level  constant  or  having  a  constant  calcium: 
phosphorus  ratio  in  the  assay  diet. 

Experiments  were  conducted  to  determine  the  influence  of  the 
calcium  content  of  the  assay  diet  and  the  method  of  interpretation  of 
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the  data  upon  the  relative  availability  of  phosphorus  frcn  an  inorganic 
phosphate. 

Experimental  Procedure 

,  Feed  grade  dicalcium  phosphate,  generally  considered  to  have 
a  high  phosphorus  availability,  was  compared  to  soft  phosphate,  general- 
ly considered  to  be  a  less  available  source  of  phosphorus.  Three  regimens 
of  calcium  supplementation  were  compared  which  included:  (l)  a  constant 
level  of  1  percent  Ca,  (2)  a  constant  Ca:P  ratio  of  2:1,  and  (3)  a 
"sliding"  Ca:P  ratio.  The  "sliding"  ratios  consisted  of  a  different 
Ca:P  ratio  for  each  level  of  phosphorus  supplementation.  Ratios  -were 
selected  which  were  considered  to  permit  optimum  performance  of  the 
chick  at  each  level  of  phosphorus  supplementation. 

Each  of  the  phosphorus  sources  was  added  to  the  basal  diet  in 
amounts  adequate  to  supply  0.05,  0.10,  0.20  and  0,30  percent  supple- 
mental phosphorus.  These  phosphorus  levels  were  fed  in  combination 
with  each  of  the  3  calcium  regimens.  The  ""sliding"  Ca.:?  ratios  used 
with  the  phosphorus  levels  were  as  follows: 

%  Added  ?     Total  Ca:  Total  ? 


0.05 

1.2:1     , 

0.10 

l.U:l    ,. 

0.20 

1.6:1 

0.30 

1.8:1 

,  A  simplified  degerminated  corn-soybean  meal  diet  was  used  as 
the  assay  diet  (Table  8).  It  was  calculated  to  contain  22  percent 
protein  and  1000  Calories  of  productive  energy  per  pound.  Analysis 
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TABI^  8 
Composition  of  basal  diet 


Ingredients  Percent  of  diet 

Degerminated  corn  meal                '          ■      '    '                  *  5l.?0 

Cerelose                                                         .  5.00 

Soybean  meal  ($0%  protein)  3li..00 

Alfalfa  meal  (20^  protein)  3.00 

Iodized  salt                       "  O.liO 

Hicro-Lngredientsl             •  0.90 

Variable 2  5.00 


%  Phosphorus  0,30 

%  Calcium  0,17 


■^Composition  of  micro-ingredients  given  in  Table  5, 

^Calcium  and  phosphorus  levels  v;ere  obtained  by  altering  the 
levels  of  ground  limestone,  dicalcium  phosphate,  soft  phosphate,  and 
P'olverized  oat  hulls. 
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indicated  that  the  ingredients  of  the  basal  diet  contributed  0.30 
percent  total  phosphorus  and  0,1?  percent  calcium.  Desired  calcium 
and  phosphorus  levels  were  attained  by  variation  of  the  test  phos- 
phates and  ground  limestone.  Pulverized  oat  hulls  were  used  to  main- 
tain the  diets  isocaloric. 

Each  experimental  diet  v;as  fed  to  3  pens  of  5  males  and  5 
female  broiler  chicks  in  2  successive  trials,  giving  a  total  of  50 
chicks  per  treatment.  The  experimental  diets  and  tap  water  were  con- 
sumed ad  libitum,  beginning  at  one  day  of  age. 

At  28  days  of  age  individual  body  weights  were  obtained.  Ttjo 
chicks  of  each  sex  from  each  pen  were  sacrificed  and  the  right  tibia  ••: 
removed  for  bone  ash  determination. 

■         Results  and  Discussion 

The  type  of  calcium  supplementation  of  the  diet  had  a  sig- 
nificant effect  on  growth  and  bone  calcification  (Table  9).  The  use 
of  "sliding"  Ca:P  ratios  resulted  in  significantly  greater  body  weight 
and  tibia  ash  of  chicks  fed  diets  supplemented  with  either  dicalciura 
phosphate  or  soft  phosphate,  when  compared  to  the  use  of  1  percent 
calcium  or  a  constant  2:1  Ca:?  ratio.  The  use  of  a  constant  2:1  ratio 
promoted  significantly  greater  weight  gain  and  tibia  ash  for  chicks 
fed  diets  supplemented  with  dicalcium  phosphate  than  did  the  use  of 
the  constant  1  percent  calcium.  Use  of  the  constant  2:1  Ca:P  ratio 
supported  significantly  greater  weight  gains  than  did  the  use  of  1 
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percent  calciim  in  diets  containing  soft  phosphate,  but  there  was  no 
difference  in  percent  tibia  ash. 

The  ccniparative  availability  of  the  phosphorus  fron  soft  phos- 
phate as  compared  to  the  phosphorus  from  feed  grade  dicalcium  phosphate 
ivas  calculated  using  the  tibia  ash  data  in  Table  9.     Three  methods  of 
determining  the  comparative  availability  T;ere  used.     The  first  method 
^vas  that  outlined  by  Nelson  and  Peeler  (196I)  in  which  the  standard 
curve  v;as  a  regression  line  obtained  by  plotting  the  percentage  bone 
ash  obtained  at  the  various  levels  of  added  phosphorus  against the 
logarithjn  of  the  added  phosphorus.     The  calciiated  comparative  avail- 
ability of  phosphorus  from  soft  phosphate  was  58.9,   52.5,   and  5l.5 
percent  with  1  percent  Ca,   2;1  Ca:P  ratio,   and  the  "slidLng"  Ca:? 
ratio,  respectively  (Table  9).     These  values  are  greater  than  the  36 
percent  biological  value  reported  by  Nelson  and  Peeler  (l96l)j  however, 
the  standard  use  in  their  test  was  beta-tricalcium  phosphate  which  was 
of  greater  biological  value  than  feed  grade  dicalcium  phosphate. 

The  second  method  of  determining  comparative  availability  was 
that  outlined  by  Barauh  et  al^  (i960)  in  which  the  percentage  tibia 
ash  obtained  with  the  test  phosphate  was  divided  by  the  percentage 
tibia  ash  obtained  with  the  standard  phosphate.     Using  this  method, 
the  comparative  availability  of  the  phosphorus  from  soft  phosphate 
was  calculated  to  be  92.7,   92.1;,   and  93.3  percent  at  the  1  percent 
calcium,   2:1  Ca:P  ratio,   and  "sliding"  ratio  regimens,  respectively 
(Table  9).     However,   the  validity  of  this  method  is  questioned  by 
Nelson  and  Peeler  (196I). 
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;    The  third  method  used  ivas  that   introduced  by  Combs   (1955). 
In  this  procedure,   the  slope  of  the  response  line  of  the  test  phosphate 
(soft  phosphate)  was  divided  by  the  slope  of  the  response  line  of  the 
standard  phosphate   (feed  grade  dicalciura  phosphate).     Comparative  avail- 
ability values  obtained  by  this  method  were  57.5,   37.8,   and  h9.6  percent 
for  the  1  percent  Ca,   2:1  Ca:P  ratio,   and  "sliding"  Ca:P  ratio  regimens, 
respectively  (Table  9).     ITith  the  exception  of  the  value  of  37.8  percent, 
these  values  compare  favorably  vjith  those  obtained  using  the  method  of 
Nelson  and  Peeler  (I96l). 

More  recently,  Hurv/itz  (1961;)  proposed  a  procedure  for  the 
estimation  of  net  phosphorus  utilization  on  the  basis  of  the  phos- 
phorus content  of  the  tibia.  This  procedure  offers  another  method 
of  calculating  biological  values  for  feed  grade  phosphates. 

It  is  apparent  from  the  present  experiment  that  variation  in 
the  procedxire  used  to  assay  phosphate  sources  may  greatly  influence 
the  results.     The  type  of  calcium  supplementation  or  method  of  in- 
terpretation of  the  data  may  influence  phosphorus  utilization  by  the 
chick.     Therefore,   standardization  of  phosphorus  assay  tech-nique  appears 
to  be  desirable. 

The  use  of  different  calcium  levels  or  Ca:P  ratios  at  different 
levels  of  phosphorus  supplementation  appears  desirable  in  order  to  elicit 
maximum  response  of  the  chick  and  alloTV  full  utilization  of  the  phos- 
phorus.    The  variable  Ca:P  ratios  selected  for  this  study  promoted 
greater  body  weight  and  bone  calcification  than  did  the  use  of  a  fixed 
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Ca  level  or  fixed  Ca:P  ratio  but  tended  to  give  a  lor^er  apparent 
biological  value  of  the  phosphorus  from  soft  phosphorus. 
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THE  UTILIZATION  OF  VARIOUS  SOURCES  OF  CALCIUM 
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Several  sources  of  calcium  are  used  in  poultry  feeding. 
ExperlTiental  data  indicate  that  the  biological  availability  of  cal- 
cirai  from  most  of  these  sources  is  essentially  equal.  Buckner  at 
al.  (1923)  reported  that  limestone  or  oyster  shell  serve  equally  v/ell 
as  sources  of  calcium  for  laying  hens.  The  calcium  in  limestone, 
gypsum,  calcium  gluconate,  and  dolomite  were  reported  by  Deobald  et 
al»  (1936)  to  be  equally  available  although  differences  in  solubility 
of  the  supplements  were  observed.  Buckner  et  al.  (1929)  compared 
calcium  lactate,  chloride,  sulphate  and  carbonate  and  concluded  that 
the  calcium  carbonate  was  most  effective  for  egg  production  as  judged 
by  egg  shell  weight.  Bethke  et  al^  (1930)  found  no  difference  in  the 
availability  of  calcium  in  the  carbonate,  sulfate,  lactate,  and  phos- 
phate salts  or  from  limestone  for  bone  formation  in  the  growing  chick 
on  equal  calcium  intake.  Dougherty  and  Gossman  (1923)  reported  that 
limestone  supported  higher  egg  production  than  did  oyster  shell  while 
Kennard  (1925)  found  oyster  shell  to  be  superior  to  limestone.  More 
recent  reports  indicate  that  calcium  as  calcium  sulfate  may  be  less 
available  than  calcium  as  calcium  carbonate  as  measured  by  its  in- 
hibitory effect  on  antibiotic  absorption  (Donovan  et  al.,  I960). 

Because  of  the  effect  of  the  dietary  calciurarphosphorus  ratio 
on  groivth  and  bone  development,  especially  when  diets  lo-.v  in  phosphorus 
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are  fed,  the  availability  of  the  calcium  in  the  diet  is  of  major  importance. 
T^vo  trials  -.vere  conducted  to  determine  the  availability  to  chicks  of  cal- 
cium from  sources  available  for  commercial  use.  ;^  / 

■  I  ■       ■'  "' 

Experimental  Procedure 

Trial  1« — Calcium  sources  tested  were  reagent  calcium  car-         '  ' 
bonate,  reagent  calciim  sulfate,   oyster  shell,   and  ground  limestone. 
The  oyster  shell  was  pulverized  prior  to  its  use. 

Graded  levels  of  the  calcium  from  the  various  sources  v/ere 
added  to  a  basal  diet  calculated  to  contain  20  percent  protein  and 
1,000  kilocalories  of  productive  energy  (Table  10).     This  diet  7?as 
calculated  to  contain  0.60  percent  total  phosphorus.     L'oncsodiun 
I^Xn  phosphate   (NaH2P0j^  ,  HgO)  was  used  as  the  source  of  phosphorus.     The 

basal  diet  was  calc;aated  to  contain  0.17  percent  calcium,  all  from 
plant  sources. 

Samples  of  the  calcium  sources  were  submitted  to  a  laboratory 
for  analysis.     The  calcium  content  as  determined  by  this  assay  is 
shown  in  Table  11.     Using  these  values  in  column  1,  each  calcium  source 
was  added  to  the  basal  diet  in  amounts  sufficient  to  increase  the  total 
calcium  content  of  the  diet  to  0.2,   0.3,   O.li,  and  0.5  percent.     This 
resulted  in  16  experimental  treatments. 

Three  groups  of  5  male  and  5  female  day-old,  broiler  type 
chicks  were  assigned  to  each  treatment.     The  chicks  received  the 
experimental  diets  and  tap  water  ad  libitum  from  day-old  until  28  days 
of  age.     At  this  time  individual  body  weights  were  obtained  and  2  males 
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TABLE  10 


Composition  of  basal  diet 


<r,"  » 


;V'-5*t-- 


■i>-''-. 


Int^edients 


Yellov;  corn 

Soybean  meal  i$Q%   protein) 

Animal  fat 

Alfalfa  meal  (17^  protein) 

Honosodiixm  acid  phosphate 

Iodized  salt 

Uicro-ingredientsl 

Variable 2 


Percent   of  diet 


52.02 
31.25 
1.53 
3.00 
0.90 
O.iiO 
0.90 
10.00 


-"■Composition  of  micro-ingredients  given  in  Table  5. 
^Consists   of  a  calcium  supplement,   cerelose,  and  corn  oil. 
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TABLE  11 


Analysis  of  calcium  supplerients 


Supplement 


CaC03  (USP  reagent)  1;0.1 

CaSOi^  (US?  reagent)  23.3 

Ca  Gluconate  (USP  reagent)  ,   , 

Ground  limestone  "A"  36.3 

Ground  limestone  "B"  ,   , 

Ground  oj'Ster  shell    ''-  39,2 


Laboratory 


(/o  Calcium) 
39.7  liO.O 


23.3 

•      • 

37.8 
37.0 

38. li 


23.3 
9.3 

37.7 
37.2 
37.5 


D 


37.8 


38.U 
35.0 


V 
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and  2  females  ^ere  sacrificed  from  each  pen  and  the  right  tibia  removed 
for  bone  ash  determination,  -,  ,  - 

Trial  2. — The  second  trial  was  a  close  replicate  of  the  first 
T.dth  only  minor  changes .  The  latest  level  of  calcium  tested  in  the 
first  trial  was  0.2  percent,  of  which  only  0.03  percent  came  from  the 
supplemental  sources.  Therefore,  this  level  was  eliminated  from  the 
design  and  levels  of  0.3,  O.U,  0.5,  0.6  and  0.7  percent  total  calcium 
were  fed.  The  same  basal  diet  and  same  calcium  supplements  as  used 
'■■'_',  in  the  first  experiment  -srere  used  in  the  second  experiment.  In  addition, 

?'.::,  ■   calcium  gluconate  was  used  at  the  O.ij  and  0.6  percent  levels,  and  another 
:V:  J  ;•   limestone  source  was  used  at  all  levels  of  calcium.  This  resulted  in 
V„;:;-     27  experimental  treatments.  A  similar  number  of  chicks  were  assigned 

'■U'-  ^®-^  treatment  and  brooded  as  indicated  in  trial  1. 

^^'  ■.  ' 

•^?r''"  •  Results  and  Discussion 


Trial  1.— The  results  of  this  trial  indicated  that  the  calcium 
g^'Vv    from  the  limestone  supplement  was  more  available  than  the  calcium  from 
reagent  calcium  carbonate  or  sulfate  or  ground  oyster  shell,  as  measured 
by  bone  ash  (Table  12).  However,  there  was  no  significant  difference 
between  the  experimental  groups  as  indicated  by  body  weight  at  28  days 
of  age  (Table  13).  It  is  felt  that  the  increased  bone  ash  value  was 
not  meaningful  since  this  was  not  repeated  in  the  second  trial.  The 
analytical  value  used  in  this  trial  for  limestone  "A"  may  have  been 
too  low  as  indicated  by  analysis  from  other  laboratories. 
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TABI£  12 


Bone  ash  of  chicks  grovm  on  diets  ^vith  different  calcium  levels 
from  various  calcium  supplements  (Trial  l) 


Dietary  calcium  {%) 


Calcium  Soiirce 

Sex 

0.2 

0.3 

O.ii 

0.5 

Av 

(.% 

Bone  ash) 

Reagent  CaC03 

M 

26.7 

29.8 

33.3 

35.6 

31.5 

F 

27.9 

32.9 

33.5 

37.9 

33.1 

' 

At 

27.3 

31.1i 

33.5 

36.8 

32.3 

Reagent  CaSO)^ 

M 

27.1; 

29.5 

33  .li 

35,5 

31.ii 

F 

29.1 

32.2 

35,5 

35.7 

33.2 

Av 

28.3 

30.8 

3h.S 

35.6 

32.3 

Q/ster  shell 

M 

26.8 

30.1 

33.7 

36.3 

31.7 

-        !  ' 

F 

29.2 

32.2 

3U.3 

36,6 

33.1 

- 

At 

28.0 

31.1 

3ii.O 

3S,S 

32.ii 

Limestone  "A" 

M 

29.2 

31.3 

3ii.8 

38.0 

33.3 

F 

28.U 

32.6 

36.1- 

37.5 

33.7 

At 

28.8 

31.9 

3S.S 

37.8 

35.51 

Average         ^ 

M 

27.5 

30.2 

33.8 

36.1. 

F 

28.7 

32.5 

3k.9 

36.9 

Av 

28.1 

31.3 

3U.li 

36.6 

^Differs  significantly  from  other  calcium  sources  (P=  0.05). 
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TABLE  13 


Body  v.-eights  of  chicks  grmn  on  diets  with  different  calcium  levels 
frcra  variois  calciim  supplements   (Trial  l) 


r 

Sex 

Dietary 

calcium  {%) 

^ 

Calciun  Source 

0.2 

0.3 

O.ii             0.5 

Av 

T  . 

Body  -weight   (grams) 

Reagent  CaC 

O3 

M 

2li6 

352 

389            1;77 

366 

F 

2lli 

315 

357           iiOl 

321; 

Av 

230 

33h 

373           hXk 

3li5 

,     • 

Reagent  CaS 

Oi, 

M 

220 

3Uii 

h2ii           iiiiO 

357 

F 

222 

33ii 

390           390 

331; 

if^. 

Av 

221 

^39 

U07           iil5 

3li6 

Oyster  shell 

II 

221 

356 

li20           ii88 

371 

F 

199 

3ii0 

378           hhQ 

339 

i 

Av 

210 

3U8 

399           hSh 

355 

■- 

Limestone  "A" 

M 

25U 

351; 

ii3li            li72 

378 

F 

193 

3S3 

399            395 

335 

Av 

22li 

353 

ai6           h3h 

357 

Average 

M 

235 

352 

I1I7           ii69 

'  ^ 

F 

207 

336 

331           ii09 

^  V  ' 

Av 

221 

3hl 

399            1:39 

'  ,  . 

vT-X'' 
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Increasing  the  calcium  level  of  the  diet  significantly  iiiproved 
body  weight  and  increased  the  percent  tibia  ash  of  chicks  (Tables  12 
and  13).    'lale  chickens  were  significantly  heavier  than  female  chicks, 
but  the  females  had  a  higher  average  percent  tibia  ash. 

There  was  no  calcium  source  X  level  interaction  observed  for 
either  body  weight  or  percent  bone  ash,   indicating  that  each  of  the 
supplements  had  essentially  the  same  availability  at  all  calcium 
levels  tested. 

Trial  2. — No  significant  differences  were   observed  between 
any  of  the  calcium  supplements  tested  as  measured  by  both  body  weight 
and  tibia  ash  (Tables  lii  and  1^), 

Analysis  of  the  data  indicated  that  a  level  of  0,50  percent 
total  calcium  was  sufficient  to  support  maximum  body  weight   (Table  Hi), 
fifv  I:  but  that  0.60  percent  total  calcium  was  required  for  maximum  bone 

calcification  (Table  1$)  under  the  conditions  of  this  experiment. 

The  body  weight  of  males  was  significantly  higher  than  that 
of  females   (Table  li;).     This  effect  was  not  altered  by  the  calcium 
level  of  the  diet.     Females  tended  to  have  a  higher  percent  tibia  ash 
than  did  males   (Table  l5);   however,   this  effect  was  significantly 
altered  by  the  calcium  level  of  the  diet.     Females  were  able  to  tolerate 
lower  levels  of  calcium  than  were  males  as   indicated  by  percent  tibia 
ash.  '  ..,...'  ,       . 
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TJi^LE  lii 


Body  iveight  of  chicks  fed  diets  with  different  calcrjm  levels 
from  various  calcium  supplements   (Trial  2) 


Calcium 


Sex 


0.30 


Dietary  calciuii  {%) 


O.IiO         0.50 


0.60 


Body  weight   (gra'Tis)3 


0.70        Averagel,2 


Reagent 
CaC03 


Reagent 

CaSOi, 


Oyster 
Shell 


Limestone 
"A" 


M 
F 
Av 

M 
F 
Av 

M 
F 
Av 

M 

V 

Av 


376 
372 

37Ud 

378 

3i;6_^ 

T62d 

362 

357 


ii30 
h09 
Il20ef 

399 

H^iei" 

li58 
liOl. 


167 

IlUofg 

iilO 


1;72 
iil5 
35od       Il3le^g    Hung 


h76  kSh  iiU3 

iiOli  Ul6  li03 

HUofg  imofg  F23 

ii60  li56  hho 

hlO  393  393 

Il3^g  ■il27sfg  Wf 

h86  ii68  ;   hh9 

iilo  lilO  ■'    iiOO 

mi^g  Il39^g  II2II 


1;01  ii36  li78  kh9  ii53  hli3 

361         383         I4I7         iiOa         iiOl  59I1 

381^        Cioe        ]jjj5g        UfHs^g    Ur^^^S  1719 


Limestone 
"3" 


Calcium 
Gluconate 


Average! 


M 
F 
Av 

M 
F 
Av 

M 
F 
Av 


392 

368 
300^ 


382 

361 
372a 


iiii2 

liOl 


21 

km 

102 


■ef 


■efg 


hh2 
399 


iil5 
ll35^g 


U60 

iU3 


li58 
396 
tffsfg 

165 
399 
Il32eig 

U66 

li07 
rjyc 


\x3\x 
399 
Il2He^g 


ii55 
ii05 
ii30c 


'■Eoes  not  include  calcium  gluconate  groups. 


2t., 


deans  do  not  differ  significantly  (P=0.05). 

3::eans  with  different  superscripts  are  significantly 
according  to  Duncan's  multiple  range  test  (1955). 


U36 

396 


\xhZ 
391 
II20 


different 
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TABL2  15 


Tibia  ash  of  chicks  fed  diets  with  different  calcium  levels 
from  various  calcium  supplements  (Trial  2) 


Dietary  calcium  {%) 


'  i-       v.- 


Calcium 


Reagent 
CaSO), 


Oyster 
Shell 


Limestone 
"A" 


Limestone 
"B" 


Sex       0.3 


Reagent  ''' 

CaC03 


M 
Av 


M 
F 
Av 

M 
F 
Av 

M 
F 
Av 

n 
F 
Av 


Calcium  M 

Gluconate     F 

Av 

A.veragel  M 

Av 


32.0 
35.1; 
33.7- 

32.5 
33. 2S 

32.7 
33.7 

33.22 

33.3 
3U.1 
3377 

33.3 
3h.9 

34.1® 


32.8 
3li.il 
333a 


O.li 


0.5 


0.6 


0«7 


Averagel^S 


i:ibia  ash  {%)3 


35.3  37.1  38.1;  37.6 
37.6  38.5  39.5  39.0 
3o7S^      JTI^^^g^  3^:9^3    3B71Ihij 


36.2  37.8 
36.9  38.7 
3^3f      3B72hi 


38.2  37.3 
38.6  39.6 
35:i?iij  3HTIIhij 


35.5  37.7  39.1;  39.2 
37.1  39,S  38.7  1;0.? 
3o3^  3BT7^iJ  39. Oij  39. 9 J 

35.6  37.2  38.7  39.2 
^7.2  3?j^  39-.3  38.8 
30J4-  37.3^g^  33"::9iJ  W79^3 

36.6  37.6        38.5  38.8 

36.6  38.3        38.6  38.7 

3or6f g  3779'g^'^-i  357S^^^-J  W:E±3 


35.8 

37.9„ 

3^:9^^ 


35.8  37.5 
37.1  38.5 
3575^^      3BT0C 


37.3 

10.2 
3B3iJ 


38.6       38.5 
38.9,      39.1;, 
3o78^      3^^ 


36.1 
38.0 
37.1 

36.U 
37.5 

3^::9 

36.9 
37.9 
37TI; 

36.3 
37.1; 
37.0 

36.9 
37.1; 
37.2 


36.6 
37.6 


•^Does  not   include  calcium  gluconate  groups. 

2Means  do  not  differ  significantly  (P=0.05), 

3H8ans  with  different  superscripts  are  significantly  different 
according  to  Duncan's  multiple  range  test   (1955). 


CHAPTER  7 

THE  EFFECT  OF  VITAMIN  D  ON  PHOSPHORUS  UTILIZATION 

Fithin  the  past  few  years  much  attention  has  been  directed 
tov/ard  a  re-evaluation  of  the  phosphorus  requirerr.ents  of  chicks 
(Simco  and  Stephenson,   196l;   Lillie  et  al^,   196lj  Formica  et  al,, 
1961;  Vandepopuliere  et  al^,   1961).     However,  varjring  results  have 
been  reported.     A  part  of  the  variability  in  the  results   obtained     / 
may  have  been  due  to  the  inter-relationship  in  the  diet   of  calciaa, 
phosphorus,   and  vitamin  D,  which  has  long  been  knoim  to  be  important 
for  satisfactory  growth  and  bone  development   (Bethke  et  al.,   1923; 
Hart  et  al^,  1930;  Tfilgus,  1931;  licChesney  and  Giacomino,  19ii5; 
Carver  et  al^,   19ii6;  Migicovsky  and  Eraslie,   19U7).     To  gain  additional 
information  about  the  inter-relationship  of  these  factors,   experiments 
were  conducted  to  determine  the  effects  of  various  calcixim: phosphorus 
ratios  and  levels   of  vitamin  D^  on  the  utilization  of  phosphorus  by 
broiler-type  chicks. 

The  Interaction  of  Calcium,   Phosphorus,  and  Vitamin  D 

Experimental  Procedure 

T'.vo  trials  were  conducted  to  evaluate  the  degree  of  inter- 
Mn''    ■■      ^^■^^°^  existing  between  the  vitamin  D,   calcium  and  phosphorus  levels 
in  the  diet  of  chicks.     The  design  of  the  2  trials  involved  a  3X3X3 


*-i" 
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factorial  arrangement  of  treatments,  'A-ith  3  calcium: phosphorus  ratios 
(1:1,  l.I;:!,  and  l.S:l),  3  levels  of  phosphorus  (0.U8,  0.59,  and  0.70 
■  percent  total  phosphorus),  and  3  levels  of  vitamin  B3.  The  vitamin  Do 
levels  v;ere  altered  for  the  2  trials,  with  h$,  90,  and  I80  I.C.U./lb. 
of  diet  being  used  in  the  first  and  90,  I80,  and  360  I.C.U./lb.  being 
used  in  the  second.  ■ 

The  composition  of  the  basal  diet  used  in  this  experiment  is 
shown  in  Table  16.     By  analysis,   the  basal  diet  supplied  0.39  percent 
phosphorus,   all  as  organic  phosphorus.     Reagent  grade  calcium  carbonate 
and  monosodiura  phosphate   (KaH2?0i^  .  H2O)  were  used  to  supply  the  desired 
levels  of  calcium  and  phosphorus.     A  commercial  source  of  vitamin  D3 
(200,000  USP  units  per  gram  guaranteed)  was  obtained  and  the  potency 
determined  by  the  average  of  3  independent  laboratory  reports  using 
different  analytical  techniques   (233,000  I.G.U.  per  gram).     Cerelose 
and  corn  oil  ^,vere  used  to  keep  the  diets  iso-caloric.     Samples  of  the 
diet  were  assayed  for  calcium  and  phosphorus,   and  the  results  were  in 
close  agreement  with  calculated  values.     The  basal  diet  for  all  treatments, 
with  the  exception  of  the  variable  ingredients,  was  mixed  in  a  sLngle  batch, 
and  aliquot  parts  were  used  for  each  experimental  diet.     The  diets  were 
mixed  the  day  before  the  trial  began  and  stored  at  S$°  F.  until  fed. 

Day-old  broiler  chicks  ivere  randomly  assigned  into  groups  of  5 
male  and  5  female  chicks,   and  placed  in  battery  brooders.     Three  groups 
were  assigned  to  each  treatment.     The  experimental  diets  and  tap  water 
were  given  ad  libitum.     All  sources  of  ultra-violet  light  were  eliminated 
?*  from  the  battery  room, 

r 
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TABLE  16 
Composition  of  basal  diet 


Ingredient  Percent  of  diet 


Yello-w  corn  '                                                     50,0 

So;/bean  meal  {S0%  protein)  '                   ,                       31;. 0 

Animal  fat  l^Y 

Alfalfa  meal  (17/S  protein)  3.0 

Iodized  salt  0,li, 

Micro-ingredientsl  0,9 

/ 

Variables^  10,0 


•^Composition  of  micro-ingredients  given  in  Table  5  with 
removal  of  vitamin  D. 

Variable  ingredients   included  reagent  CaC03,  NaHpPOt,   ,  HoO 
and  corn  oil.  ^     4         ii 


■■'^"■^.f^-'^:- 
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At  28  days  of  age  the  chicks  were  individually  weighed,  and 
the  experiments  terminated.  Feed  consumption  per  group  was  determined, 
and  feed  conversion  was  calculated.  Two  males  and  2  females  from  each 
group  were  sacrificed  for  bene  ash  determination. 

Results  and  Discussion 

Increasing  the  level  of  phosphorus  in  the  diet  fran  O.iiS  to 
0.70  percent  resulted  in  a  highly  significant  increase  in  average  body 
weight  (Table  17)  and  percent  bone  ash  (Table  l8).  These  effects  were 
best  fitted  by  quadratic  equations,  indicating  that  the  optimum  phos- 
phorus level  had  been  reached.         ,     .     , 

Vridening  the  calciumrphosphorus  ratio  of  the  diet  from  1:1  to 
l.li:l  significantly  increased  body  weight  and  percent  bone  ash  (Tables 
17  and  18).  A  further  increase  to  a  1.8:1  ratio  did  not  affect  body 
weight  but  lowered  the  percent  bone  ashj  however,  this  reduction  was 
not  statistically  significant. 

A  highly  significant  increase  in  body  weight  and  bone  ash  was 
observed  when  the  vitamin  D3  level  of  the  diet  increased  from  h$   I.C.U. 
to  180  I.C.U.  per  pound  (Tables  17  and  18).  This  increase  was  linear, 
indicating  that  higher  levels  of  vitamin  D3  were  beneficial,  and  pro- 
moted the  change  in  levels  for  the  second  trial. 

Several  interactions  between  the  factors  were  observed.  The 
interaction  of  Ca:P  ration  X  phosphorus  level  of  the  diet  was  highly 
significant  for  both  body  weight  and  bone  ash  (Tables  17  and  I8). 
Vitamin  D^  levels  and  Ca:P  ratios  also  interacted  in  a  significant 
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TABLE  17 

Body  -weight   of  chicks   groivn  on  diets  varying  in  levels  of 
calciura,   phosphorus,   and  vitamin  D3 


%  Phosphorus 

Vit.  D 
I.C.U./lb. 

Ca:P  Ratio 

O.iiS 

0.59 

0.70 

Average 

1:1 

hS 

20ii 

2i'9 

260 

238 

-     ■       •         \ 

90 

256 

299 

3U9 

295 

180 

360 

38U 

Ul6     • 

337 

360 

■383 

h20 

I42U 

li09 

' 

Av 

300 

33F 

362 

332 

l.Ii:l 

hS 

256 

329 

37ii 

319 

90 

31ii 

396 

395 

368 

180 

328 

39$ 

lil6 

/   379 

360 

35$ 

ii08 

392 

385 

Av 

113" 

382 

39ii 

363 

1.8:1 

kS 

259 

363 

399 

3iiO 

90 

291 

376 

U05 

357 

180 

311 

389 

lil7 

372 

360 

3lli 

367 

396 

359 

Av 

29U 

3?II 

i;Oii 

357 

Average 

hS 

239 

3U 

3hh 

299 

90 

287 

357 

383 

3i40 

180 

333 

398 

lil6 

379 

360 

350 

393 

liOl. 

38U 

Av 

302 

365 

387 

3F1 

■.-■,t-  .ji:>  . 
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TABLE  18   •  .  : 

Percent  bone  ash  of  chicks  grown  on  diets  varying  in  levels  of 
calcium,  phosphorus,  and  vitamin  Do 


t 


Vit.  D. 
I.C.U./lb. 

%  Phosphorus 

Ca:P  Ratio 

o.iiS 

0.59 

0.70 

Average 

1:1 

h5 

29.0 

28.8 

31.3 

29.7 

90 

29  .ii 

32.3 

3h.9 

32.2 

180 

33.9 

37.5 

39.6 

37.0 

360 

37.3 

39.5 

liO.2 

39.0 

Av 

32.1. 

3h.6 

3^ 

3ii.5 

l.ii:l        .   I- 

>  15 

27.ii 

32.1 

37.0 

32.2 

J 

90 

29.0 

37.3 

39.6 

-    35.3 

130 

31.1i 

39.0 

U2.0 

/  37.5 

360 

33.0 

liO.5 

1;3.2 

■■  38.9 

Av 

30.2 

37.2 

ho.5 

31:9 

1.8:1 

li5 

26.7 

3h.B 

39.2 

33.5 

90 

26.9 

36.7 

liO.3 

3li.6 

130 

28. ij 

38.1; 

k2.6 

36,5 

360 

29.1^ 

38.3 

ltO.8 

36.2 

1 

Av 

27.8 

37.0 

liO.7 

>  3^ 

Average        : 

h5 

27.7 

31.8 

35.8 

31.8 

, 

90 

28.1. 

35.k 

38.3 

3u.l 

180 

31.2 

38.1i 

hl.h 

37.0 

360 

33. li 

39,5 

U.ii 

38,1 

Av 

30.2 

36.3 

39.2 

35.3 

ts- 
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manner  for  both  of  these  criteria.  The  interaction  of  phosphorus  levels 
and  vitamin  D3  levels  of  the  diet  v;as  significant  for  body  weights  but 
not  for  percent  bone  ash  (Tables  17  and  16).  No  interaction  of  the  three 
major  factors,  Ca:?  ratio,  vitamin  D-j  and  phosphorus  levels  was  observed 
for  either  body  r^eight  or  bone  ash. 

iviales  had  greater  body  weights  than  did  females,  but  in  general 
the  females  had  a  higher  percent  bona  ash.  Lower  requirements  for 
mineralization  by  females  were  indicated  by  sex  X  Ca:P  ratio  and  sex  X 
vitamin  D^  level  interactions. 

The  second  trial  was  almost  identical  with  the  first,  having 
the  same  phosphorus  levels  and  Ca:P  ratios  but  increased  vitamin  D3 
levels.  Therefore,  similar  results  were  expected.  Both  body  weight 
and  percent  bone  ash  were  significantly  increased  when  the  phosphorus 
level  of  the  diet  was  increased  from  O.hQ   to  0.70  percent  (Tables  17 
and  18).  These  effects  were  best  described  as  fitting  a  quadratic 
equation,  indicating  that  an  optimum  level  was  reached. 

A  calcium  .-phosphorus  ratio  of  l.U:l  did  not  increase  body  weights 
when  canpared  to  the  1:1  ratio,  but  increased  the  percent  bone  ash  (Tables 
17  and  18).  A  further  spread  of  the  Ga:P  ratio  to  1.8:1  lowered  both 
body  weight  and  bone  ash. 

Increased  levels  of  vitamin  D3  resulted  in  increased  body  weight 
and  percent  bone  ash  (Tables  17  and  I8).  The  response  of  body  weight 
was  best  described  as  a  quadratic  effect,  while  percent  bone  ash  assumed 
a  linear  effect. 
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The  interaction  of  Ca:P  ratio  X  phosphorus  level  of  the  diet 
remained  highly  significant  for  both  bodj  weight  and  percent  bone  ash 

;:',      (Tables  17  and  l8).  Ca:P  ratios  and  vitamin  Do  levels  also  interacted 
in  a  highly  significant  manner  for  these  criteria.  A  significant  inter- 

^x'-  .     action  of  phosphorus  X  vitamin  Dt  level  v;as  observed  for  both  criteria. 
A  significant  phosphorus  X  Ca:P  ratio  X  vitamin  D^  interaction  occurred 

/(.  .  ■■'■ "  ■  ■' ; 

",:■,;   V  :       with  body  weight,   but  not  r;ith  percent  bone  ash  (Tables  17  and  l8). 
^-  '■■-.  ^-3   ^  "the  first  trial,  females  weighed  less  but   in  general  had 

.    ;t  a  greater  percent  bone  ash. 

i:'. ',  ■■  Analysis  of  the  data  showed  that  the  treatment  groups  common 

..;  to  both  trials  1  and  2  (those  diets  containing  90  and  180  I.C.U,/lb. 

of  vitamin  D3)  were  true  replicates.     Therefore,  the  results  of  the  2 

.'  trials  were  combined  for  discussion.  -    1 

?;■  '  ■   The  response  to  increasing  the  phosphorus  level  of  the  diet 

frcM  0.U8  to  0.70  percent  indicated  that  the  optimum  phosphorus  level 

._  _,  for  both  body  weight  and  bone  ash  was  betv/een  0.59  and  0.70  percent  of 

■■•:..-,  the  diet  (Figure  l).     This  appeared  to  be  true  for  both  sexes,   since 

there  was  no  sex  X  phosphorus  interaction. 

Interpolation  of  the  data  ±n  Figure  1  indicates  that  the  phos- 
phorus requirement  is  approximately  0.6U  percent.  This  agrees  closely 
with  recent  work  using  similar  basal  diets  and  experimental  conditions 

^-,  (Vandepopuliere  et  al.,   196l).     The  response  in  body  weight  closely 

paralleled  th^t  of  bone  ash. 

''^;:  Calciam: phosphorus  ratios  of  1:1  significantly  depressed  both 

body  weight  and  percent  of  bone  ash  when  compared  to  the  l.iiil  ratio, 

"<.r  '■"■.■    -'  -.  .  •        •■      ' 

f  1  ■;'■  ^  ■.,.-.  ■ 

■v«.:V.-,      "       ,  ■  • 

C>'  <^-' ' '    ■  .    ■ 

'r  _•••»    •■.■■•. 
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FIGURE  1 


Bone  ash  and  body  weight  of  chicks  receiving 
various  dietary  phosphorus  levels 
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over  all  levels   of  phosphorus  and  vitamin  D3  (Figure  2). 

The  response  to  increased  levels   of  vitamin  Do  in  these  tests 
indicated  that  I80  I.G.U./lb.  was  adequate  for  raxiT.uin  body  weight  but 
that  360  I,C.U./ro.  f-orther  increased  the  percent  bone  ash  (Figure  3). 
Tibia  ash  appeared  to  be  a  more  sensitive  criterion  than  body 
weight  for  studying  the  adequacy  of  the  calcium,   phosphorus,   and 
vita-Tiin  D3  levels   of  the  diet.     Therefore,   this  measurement  is  used 
to  illustrate  the  interaction  that  occurred  in  these  ejcperiments. 

The  interaction  of  Ca:P  ratios  and  phosphorus  levels   is   illus- 
trated in  Figure  h.     At  0.1^3  percent  phosphorus,   a  sub-optimal  level, 
Ca:P  ratios  of  l.ii.-l  and  1.8:1  significantly  depressed  the  percent 
bone  ash,   as  compared  to  the  1:1  ratio.     As  the  level  of  phosphorus 
more  closely  approached  the  requirement,  between  0.59  and  0.70  percent, 
the  wider  ratios  resulted  in  increased  tibia  ash,    indicating  a  greater 
tolerance  and  ±n  fact  a  necessity  for  increased  ratios  as  the  lex'el  of 
phosphorus   increases. 

A  primary  function  of  vitamin  D  has  been  shown  to  be  the  enhance- 
ment of  calcium  absorption  of  the  intestinal  tract   (TJasserman  et  al., 
1957;  Greenberg,   19ii5).     Figure  5  illustrates  this  effect  and  indicates 
that  the  response  to  the  increased  vitamin  D^  levels  decreased  as  the 
Ca:P  ratio  widened.     At  the  lower  Ca:P  ratios  the  calcium  level  was  no 
doubt  sub-opt _nal,  even  though  the  phosphorus  level  may  have  been  adequate. 
As  the  ratio  widened,  more  calcium  v/as  present,   and  the  response  to  the 
increased  levels  of  vitamin  D3  was  less,  ' 
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Bone  ash  and  body  weight  of  chicks  receiving  various 
dietary  levels  of  vitamin  D3 
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Bone  ash  of  chicks  receiving  various  levels  of  vitamin  D3 
with  various  calcium: phosphorus  ratios 
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Although  studies  by  Cohn  and  Greenberg  (1939)  indicated  that 
vitamin  D  did  not  enhance  phosphate  absorption  in  rats  reared  on  a 
vitamin  D  deficient,   high  calciuiTi — low  phosphorus  diet,   an  interaction 
of  vitamin  D3  and  phosphorus  level  was  noted  in  this  experir^ent.     Figure 
6  indicates  that  as  the  level  of  phosphorus  more  closely  approached  the 
requirement,  bet-ween  0.59  and  O.7O  percent  of  the  diet,   the  response  to 
the  increased  vitamin  D^  deviated  from  a  linear  to  a  quadratic  effect. 
Rather  than  being  an  effect  of  the  vitamin  D3   on  phosphorus  utilization 
per  se  (an  actual  vitamin  D3  X  phosphorus  interaction),   this  response 
may  merely  reflect  a  vitamin  D3  effect  on  the  increased  calcrjm  levels 
occurring  as  the  phosphorus  level  increased,   since  the  calcium  is 
present  as  a  ratio  of  the  phosphorus  and  not  as  a  constant  level.     This 
graph  also  indicates  that  at  sub-optimal  levels  of  vitamin  D  the  phos- 
phorus requirement  may  be  in  excess  of  0.70  percent,   as   indicated  by 
the  linear  response  of  the  ii5  I.C.U./lb.  level  of  vitamin  D3. 

No  significant  interaction  of  Ca:P  ratios  and  vitamin  D3  and 
phosphorus  levels  was  observed  Yjhen  the  data  7;ere  combined  from  the  2 
experiments.     This  was  true  for  both  bone  ash  and  body  weights.     Eot7- 
cver,   certain  trends  were  evident,   and  definite  observations  can  be 
made  concerning  the  over-all  interaction  of  this  triuravirate.     Tidening 
the  calci\am:phosphorus  ratios  at  sub-optimal  levels   of  phosphorus  result- 
ed in  decreasing  the  body  weight  or  percent  bone  ash.     Chicks  tolerated 
the  wider  ratios  more  effectively  with  increased  levels  of  vitamin  D3, 
up  to  360  I.C.U./lb.   in  these  tests. 
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Bone  ash  of  chicks  receiving  various  levels  of  vitamin  D3 
with  various  phosphorus  levels 
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'.  ■    As  the  level  of  phosphorus  increased,  v/ider  calcium: phosphorus 
ratios  were  tolerated  or  in  fact  desirable.  This  may  be  due  not  only 
to  the  actual  calciumrphosphorus  ratio  but  also  to  the  total  amount  of 
calcium  and  phosphorus  present.  The  response  to  increased  vitamin  D3 
became  less  as  calcium  and  phosphorus  levels  approached  the  optimura. 

The  VitaTiin  D  Requirement  of  the  Chick  as  Influenced  by       ■  '  :, , 
;■  the  Dietary  Calcium  and  Phosphorus  Level 

Results  of  the  previous  experiment  indicated  that  dietary 
;         vitamin  D3  levels  of  36O  I.C.U,  per  pound  increased  body  weight  and 
'•Wv' :..:'-      percent  bone  ash  of  chicks.  However,  the  response  to  higher  levels  of 

■,/y  •  ;•  this  vitamin  became  less  as  calcium  and  phosphorus  levels  approached 
/;;-^:   ■  ■.   optimum.  To  gain  additional  information  regarding  the  effect  of  in- 

j;;t;.,;  .  creased  vitamin  D-i   levels  and  the  relationshio  of  this  vitamin  to  the 
'Vy' ;      calcium  and  phosphorus  content  of  the  diet,  feeding  trials  were  con- 
f -V'      ducted  under  conditions  of  practical-type  rearing  as  well  as  in  battery 

;, .  brooders  isolated  from  sources  of  ultraviolet  light. 

r",'^ •■  "      Experl'nental  Procedure 

|;;,:,'.//.  Battery  brooder  studies. — A  factorial  arrangement  with  2  calcium 

f^-^,-;;.-  '  levels  (0.50  and  1.00  percent),  2  phosphorus  levels  (0.50  and  0.70  per- 
r^^-  /■      _     cent  total  phosphorus)  and  7  levels  of  vitam:  1  D3  was  used.  Levels  of 
vitamin  D3  compared  were  I4.5,  90,  I80,  36O,  720,  360O  and  7200  I.C.U. 
per  pound  of  feed.  This  resulted  in  diets  which  were  (l)  adequate  in 
both  calcium  and  phosphorus,  (2)  adequate  in  calcium  with  sub-optimal 
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phosphorus,    (3)  sub-opt iT.al  calciun  ivith  adequate  phosphorus,  and  {h) 
,  sub-optimal  in  both  calcium  and  phosphorus. 

Three  pens  of  5  male  and  5  female  day-old  broiler  chicks  were 
randomly  assigned  to  each  dietary  treatment  in  2  successive  trials, 
■    giving  a  total  of  60  chicks  per  treatment,   placed  in  batter3r  brooders. 
All  sources  of  ultraviolet  light  v;ere  eliminated  from  the  experimental 
room. 

The  composition  of  the  basal  diet  is  given  in  Table  19.     Desired 
levels  of  calcium  and  phosphorus  v;ere  attained  by  a  variation  in  the 
level  of  reagent  grade  calcium  carbonate  and  reagent  grade  monosodium 
phosphate  (NaH2?0|^  .  H2O),     Sand  was  used  as  a  non-nutritive  filler  to 
keep  energy  and  protein  levels  constant .     The  vitamin  D3  supplement  was 
described  in  the  previous  experiment.     The  diets  were  mixed  2  days  prior 
to  the  beginning  of  each  experiment  and  stored  at  SS'^  F.  until  fed.     The 
experimental  diets  and  tap  water  were  fed  ad  libitum.     At  28  days  of  age 
individual  body  weights  were  obtained,     T-.vo  males  and  2  female  chicks 
frcxa  each  pen  were  sacrificed  for  bone  ash  determination. 

Floor  pen  studies. — To  study  the  vitamin  D3  requirement  of  the 
broiler  chick  under  conditions  usually  encountered  in  commercial  flocks, 
4?:,',  :  a  trial  was  conducted  in  floor  pens  in  a  broiler  house  in  which  no 

attempt  was  made  to  exclude  sources  of  natural  light.     The  house  con- 
.;,.  ,  tained  h,  rows  of  pens,   2  of  which  were  along  the  outer  wall  with  2  inner 

'v     .  rows.     Four  replicate  pens   of  10  male  and  10  female  chicks  were  assigned 

•,v  .    •  to  each  dietary  treatment  with  the  restriction  that  a  pen  from  each  of 

«' -■"''■'"  the  Ii  rows  be  used.     The  pens  were  5x5  feet  in  size. 
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TABLE  19 


Composition  of  diets 


Ingredients 

Battery 

Floor 

1 

2 

3 

Percent  of 

diet 

Yellow  com  meal    ' 

51.70 

56.08 

56.08 

56.08 

Sojrbean  meal  (50^  protein) 

3U.00 

3U.00 

3U.00 

3I4.OO 

Dehjrdrated  alfalfa  meal    : 
(20$  protein)    .  .   / 

3.00 

3.00 

3.00 

3.00 

Ground  limestone 

•   • 

0.22 

0.75 

1.27 

Dicalcium  phosphate       ' 

•   • 

1.35 

1.35 

/  1.35 

Animal  fat 

•   • 

3.00 

3.00 

3.00 

Iodized  salt 

o.ao 

o.Uo 

O.UO 

O.liO 

Micro-ingredientsl 

0.90 

0.90 

0.90 

0.90 

Variable2 

10.00 

•      • 

.   • 

.  . 

Sand 

•     • 

1.05 

0.52 

.   . 

%  Protein 
;  i     Productive  energy 
(Cal./lb.) 
%  Calcium2 
%  Phosphorus 2 

22. U 
928 

•  • 

•  • 

22.6 

981 
0.60 
0.65 

22.6 

981 
0.80 
0.65 

22.6 

981 
1.00 
0.65 

•'•As  outlined  in  Table  5  with  removal  of  vitamin  D. 

o 

''Calcium  and  phosphorus  levels  were  adjusted  by  altering  the 
level  of  variable  ingredients  consisting  of  calcium  carbonate,  mono- 
sodium  phosphate,  yellow  corn  and  sand,  ;  y,    .  ,■  ,  ■. 
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A  3  X  6  factorial  arrangement  of  treatments  was  used.     This 
consisted  of  calciim  levels  of  0.60,   0.80,   and  1.00  percent  with  a 
vitamin  D3  level  of  U5,  90,  I80,  360,   720,  and  36OO  I.C.U.  per  pound. 
All  diets  contained  0.65  percent  total  phosphorus  and  were  iso-caloric 
and  iso-nitrogenous.     The  composition  of  the  diets  containing  the  three 
calcium  levels  is  shown  in  Table  19.     The  vitamin  D3  supplement  used  in 
the  battery  brooder  trials  was  used  to  supply  the  desired  levels  of  this 
vitamin. 

Body  weight  and  feed  consumption  were  determined  at  8  weeks  of 
age.     Two  male  and  2  female  chicks  from  each  pen  were  sacrificied  for 
determination  of  bone  ash. 

-       -    ■      '   ^^  ■:     /•- 

i-    :  ■   ■'- 

Results  and  Discussion 

Battery  brooder  studies . — ^The  vitamin  D^  requirement  of  the  chicks 
used  in  these  studies  was  highly  dependent  upon  the  calcium  and  phosphorus 
level  of  the  diet.    With  levels  of  1.00  percent  calcium  and  0,70  percent 
phosphorus,  maximim  body  weight  and  bone  ash  were  obtained  with  90  I.C.U. 
of  vitamin  D3  per  pound  (Tables  20  and  21).     This  is  in  agreement  with 
the  vitamin  D3  requirement  as  suggested  by  the  National  Research  Council 
(i960),    llhen  levels  of  calcium  or  phosphorus  were  sub-optimal,  the  need 
for  higher  vitamin  D3  levels  was  observed.    With  a  dietary  calcium  level 
of  1.00  percent  and  a  total  phosphorus  level  of  0.50  percent,  36OO  I.C.U. 
of  vitamin  D3  per  pound  -was   needed  for  optimum  body  weight  and  bone  ash. 
At  a  dietary  calcium  level  of  0.50  percent,   720  I.C.U.  of  vitamin  D3  per 
pound  was  required  for  maximum  body  weight  and  bone  ash  at  both  phosphorus 
levels •  - 
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Floor  pen  studies. — The  56-day  body  weight  and  tibia  ash  of  the 
chicks  were  significantly  affected  by  the  dietary  calcium  and  vitamin  D3 
levels  (Tables  22  and  23),  There  was  a  significant  interaction  observed 
between  the  dietary  calcium  level  and  the  vitamin  Do  level.  At  0,60 
percent  calcium,  360  I.C.U.  of  vitamin  D3  per  pound  gave  significantly 
maximum  body  weight  and  tibia  ash.  Increased  levels  of  this  vitamin 
numerically  increased  body  weight  but  significantly  reduced  the  tibia 
ash.  V-Tien  the  dietary  calcium  level  was  increased  to  O.8O  percent  a 
level  of  90  I.C.U.  of  vitamin  D3  per  pound  gave  significantly  maximum 
body  weight  and  tibia  ash.  Higher  levels  of  vitamin  D3  numerically  in- 
creased the  body  weight  but  had  no  influence  on  tibia  ash.  At  a  dietary 
calcium  level  of  1.00  percent,  the  vitamin  D3  response  was  altered.  In- 
creasing the  level  of  vitamin  D3  up  to  I80  I.C.U.  per  pound  numerically 
increased  body  weight  but  further  increases  in  the  level  of  this  vitamin 
tended  to  reduce  growth  slightly.  None  of  the  groups,  however,  differed 
significantly  in  body  weight  or  in  tibia  ash. 

Feed  utilization,  expressed  as  grams  of  feed  consumed  per  gram 
of  gain,  was  closely  related  to  body  weight.  In  general,  an  increased 
body  weight  was  associated  with  a  decrease  in  the  feed  required  to  pro- 
duce a  unit  of  gain  (Table  2k), 

The  results  of  these  studies  confirm  the  close  interrelationship 
of  calcium,  phosphorus,  and  vitamin  D3  in  the  diet  of  chicks.  This 
relationship  has  been  observed  by  many  authors,  yet  few  have  attempted 
to  establish  a  requirement  for  this  vitamin  in  the  diet  of  rapidly  growing 
chicks,   ;.     :<:-:.  ..-,.  ■;;--■ 
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TABLE  22 


Body  weight  of  chicks  fed  different  levels  of  vitamin  D3  at 
different  dietary  calcium  levels  (floor  pen  study) 


Vitamir 
(I.C.U. 

I  D3 
./lb.) 

%  Calcium 

0,60 

0.80 

1.00 

Average 

Body  Weight  ( grams)! 

kS 

671^ 

lli;3° 

^  .  ,   1235<^ 

1017 

90 

967^   .  _ 

1276^6^ 

' ;  •:   I256def 

1167 

180 

'  !-"■  -'  :' 

1168° 

■;;.  i29odef 

'■■   1280def 

12U7 

360 

12ii6^ 

129ldef 

'   r  1277^®^ 

1271 

720 

1 

126i|def 

13086^" 

1257de 

1276 

3600 

1292def 

1321^ 

1268def 

129li 

Average 

1101 

1272 

1263 

Means  are  average  weights  of  kO  male  and  kO  female  chicks. 
Means  bearing  the  same  superscript  do  not  differ  significantly 
(P=0.05). 
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TABLE  23 


Tibia  ash  of  chicks  fed  different  levels  of  vitamin  D3  at 
different  dietary  calcium  levels  (floor  pen  study) 


D3    -  ■ 
/lb.) 

"  ■  '  ■ 

-  • :  %  Calcium      :■- 

vxtamin 
(I.C.U. 

0.60 

0.80 

1.00 

Average 

%  Tibia  Ashl 

h$ 

I  . 

ii2.oa 

i^j^.9bcd 

iiS.l^^e 

li3.9 

90 

1;3.1^ 

;    l;5.8de       ,. 

he,i^ 

liS.l 

180 

'       li3.8bc 

Ii6.2e         ■ 

116.76       :  ■ 

:■     U5.6 

360 

-i'-.- 

l;6.2e 

hS.e^'^^ 

I;5.9^® 

/li5.9 

720 

:  i"  ■.-■ 

iai.9bcde 

ii5.9^® 

li6.U® 

li5.8 

3600 

lUi.2^cd 

h$.9'^^ 

16.8^ 

U5.7 

Average 

hh,0 

ii5.7 

U6.2 

^Expressed  as  percent  of  fat-free,  raoisture-free  bone.     Means 
are  average  of  8  male  and  8  female  chicks,     Ifeans  having  the  same 
superscript  do  not  differ  significantly  (P  =  0,05). 


fv 
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TABLE  2li 


Feed  utilization  of  chicks  fed  different  levels  of  vitamin  D3  at 
different  dietary  calcitim  levels  (floor  pen  study) 


Vitamin  Do 
(l.C.U./lb.) 


0.60 


%  Calcium 


0.80 


1.00 


Average 


li5 

90 

180 

360 

720 

3600 

Average 


2.52e 

2.37^ 

2.30cd 

2.26bc 

2.26^c 
2.26^c 
2.33 


(grams  feec 

j/gram  gain)l 

2.36d 

2.25abc 

2.38 

2.28bc 

2.23abc 

2.29 

2,23abc 

2,23abc 

2.25 

2.26^° 

2.29bcd 

2.27 

2.25abc 

2.22ab 

2.2li 

2.18a 

2.25^tc 

2.23 

2.26 


2.25 


-^Means  are  average  of  four  pens,  each  containing  10  male  and 
10  female  chicks.     Means  having  the  same  superscript  do  not  differ 
significantly  (P  =0.05). 


-.J 


•      5. 


J-:-  '. ^%- :,.;,- 


^''\: 


1 


IMder  the  conditions  of  the  experiment  reported  herein,  90 
I,  C.  U,  of  vitamin  D3  per  pound  as  suggested  by  the  National  Research 
Countil  is  adequate  to  support  maximum  growth  and  bone  ash  at  the 
calcium  and  phosphorus  levels  recommended  by  this  group  (1,0  percent 
Ca  and  0,6  percent  P).     Higher  levels  did  not  significantly  influence 
body  -weight  or  bone  ash  at  U  or  8  weeks  of  age. 

In  recent  years,   however,  the  calcium  requirement  of  the  chicks 
has  undergone  considerable  study  with  some  disagreement  as  to  the  opti- 
mum level  required.     These  reports  have  been  recently  reviewed  by 
Waldroup  et  al.,   (1963).    T.'ith  the  possible  advent  of  lowered  calcium 
levels  in  the  diet,  the  need  to  re-examine  the  vitamin  Do  requirement 
becomes  apparent  fran  the  results  of  the  present  studies.     Lowering 
the  calcium  level  to  0,8,  0,6  or  0,5  percent  significantly  altered 
the  vitamin  D3  requirement.     This  was  trioe  for  both  age  groups  and 
regardless  of  whether  the  chicks  were  grown  in  battery  brooders  in 
the  absence  of  ultraviolet  light  or  in  floor  pens  in  a  conventional 
broiler  house.     Since  a  primary  function  of  vitamin  D  has  been  shown 
to  be  the  enhancement  of  calcium  absorption  from  the  intestial  tract 
(Greenberg,  19i;5;  Wasserman  et  al.,  19^7)  it  is  logical  to  assume  that 
the  response  to  vitamin  D  supplementation  would  be  increased  as  the 
calcium  level  of  the  diet   is  lowered,  /< 

The  relationship  of  vitamin  D  and  phosphorus  is  less  well  defined, 
The  results  of  these  studies  indicated  an  interaction  of  vitamin  D  and 
phosphorus;  however,  this  may  be  a  reflection  of  the  calcium: phosphorus 
interaction  rather  than  a  true  effect  of  the  vitamin  on  phosphorus 
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utilization.     This  hjrpothesis  is  strengthened  by  the  early  report  by 
Cohn  and  Greenberg  (1939)  which  indicated  that  vitamin  D  did  not 
enhance  phosphate  absorption  in  rats  reared  on  a  vitamin  D  deficient, 
high  calcium-low  phosphorus  diet.     The  importance  of  adequate  vitamin 
D  level  in  a  biological  assay  for  either  calcium  or  phosphorus  cannot 
be  over-empahsized,  since  marginal  or  deficient  levels  of  these  minerals 
are  often  used  for  test  purposes.  .,  , 


y 


:.  ■]' ,  CHAPTER  8 

THE  AVAILABILITY  OF  PHOSPHORUS  FRai  ANBIAL  PROTEIN  SOURCES 

There  is  limited  information  regarding  the  biological  valxie  for 
the  phosphorus  in  animal  protein  supplements  when  fed  to  chicks.    Span- 
dorf  and  Leong  (l96ii)  reported  that  the  biological  availability  of  the 
phosphorus  in  twelve  menhaden  fish  meals  averaged  99  percent  and  ranged 
from  95  to  103  percent  of  the  values  obtained  with  corresponding  levels 
from  dicalcium  phosphate. 

Because  of  the  emphasis  placed  on  linear  programming  of  poxoltry 
diets,   it  is  important  that  accurate  information  be  available  regarding 
the  nutritional  value  of  feedstuffs.     The  present  experiments  were  design- 
ed to  determine  the  phosphorus  availability  of  seme  animal  protein  sources 
frequently  xised  in  poultry  diets. 

Experimental  Procedure 

Samples  of  fish  meal,  poultry  by-products  meal,   and  meat  and 
bone  meal  were  obtained  from  several  sources.     The  various  samples  of 
the  individual  ingredients  were  blended  for  use  in  these  trials.     The 
blended  samples  were  analyzed  for  protein,   calcium,  and  phosphorus 
content  by  3  laboratories.     The  average  of  these  3  analyses  appears  in 
Table  25  and  was  used  in  formulation  of  the  test  diets.     It  was  recognized 
that  protein  qxiality  of  the  diets  could  be  a  confounding  fact  or  j  therefore. 
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TABLE  25 


Analjrses  of  animal  protein  sources 


Canpositionl 

Ingredient 

%  Protein 

%  P 

%  Ca 

Menhaden  fish  meal 

6l.li 

2,9k 

5.27 

Poultry  by-product  meal 

58.2 

2.01 

li.lli 

Meat  and  bone  meal 

53.3 

3.52 

10.30 

Average  of  analyses  by  three  laboratories, 


% 


i'^-y 


'-it 


^ 
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all  diets  were  formulated  to  contain  2$  percent  protein.  It  was  felt 
that  this  would  help  to  minimize  any  possible  variation  due  to  protein 
quality  of  the  diets. 

The  composition  of  the  basal  diets  is  presented  in  Table  26. 
Isolated  soybean  protein  was  used  to  maintain  a  constant  protein  level 
while  corn  oil  and  cerelose  were  used  to  maintain  a  constant  dietary 
energy  level  of  1000  Calories  of  productive  energy  per  pound.  Constant 
levels  of  plant  phosphorus  (O.UO  percent)  were  maintained  by  variation 
in  degerminated  corn  meal  (O.IO  percent  P)  and  white  corn  meal  (0.28 
percent  P).   \ 

Analytical  reagent  grade  monosodiura  phosphate  (NaH2P02^  .  H2O) 
and  feed  grade  dicalcium  phosphate  were  used  as. standards  of  comparison 
for  phosphorus  availability.  The  test  sources  were  added  to  the  basal 
diets  in  amount  sufficient  to  supply  0.05,  0.10  and  0.1?  percent  phos- 
phorus, giving  total  phosphorus  levels  of  0.1;5,  0.50  and  0.55  percent. 
These  levels  are  below  the  minimum  phosphorus  requirement  of  the  chick 
as  suggested  by  the  National  Research  Council  (i960).  The  total  calcium 
content  of  the  diet  was  maintained  at  O.8O  percent  by  the  use  of  reagent 
grade  calcium  carbonate  and  the  diet  supplemented  with  1000  I.C.U.  per 
pound  of  vitamin  D3, 

Day-old  broiler  chicks  obtained  from  a  commercial  hatchery  were 
randomly  assigned  to  pens  in  battery  brooders.  Four  replicate  pens, 
each  containing  5  male  and  5  female  chicks,  were  assigned  to  each  dietary 
treatment  in  2  successive  trials,  resulting  in  a  total  of  80  chicks  per 
treatment.  •  .-'  %  ----^v   _  '     ^; ,,  ,^■t■;--' '  ' 


Sffi^-'-.i  ■ 
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TABLE  26 


Composition  of  basal  diets 


Ingredients 

Percent 

of  diet 

White  corn  meal 

3^.70 

36.20 

33.20 

30.20 

De germinated  corn  meal 

lii.OO 

12.50 

15.50 

18.50 

Soybean  meal  ($0%  protein) 

32.00 

32.00 

32.00 

32.00 

Corn  oil 

0.73 

0.63 

0.87 

3.28 

Cerelose 

10.33 

10.10 

10.33 

7.95 

Assay  protein^ 

3.77 

3,3h 

li.lU 

li.86 

Iodized  salt 

o.Uo 

0.1^0 

O.liO 

o.lo 

Calcium  carbonate 

l.li7 

1.51; 

1.37 

1.69 

Micro-ingredients 2 

0.90 

0.90 

0.90 

0.90 

Monos odium  phosphate 

O.lU 

O.lli 

O.lii 

0.36 

Dicalcium  phosphate 

•     • 

•      • 

•      • 

•      • 

Fish  meal 

1.70 

•      • 

•      • 

•      • 

Poultry  by-product  meal 

•      • 

2.1i9 

•      • 

•      • 

Meat  and  bone  meal 

•      • 

•      • 

1.29 

•      • 

%  Protein 

25.0 

25.0 

25.0 

25.0 

Productive  energy  Cal/lb. 

1000 

1000 

1000 

1000 

%  Calcium 

0.80 

0.80 

0.80 

0.80 

%  Phosphorus 

o.ii5 

0.U5 

o.l;5 

o.h5 

Ohio. 


^C-1  assay  protein,  Archer-Daniels -Midland  Co.,  Cincinnati, 


'^Micro-ingredients  as  given  in  Table  5  with  1000  I.C.U.  per 
pound  of  vitamin  D. 
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Diets  and  tap  water  were  consumed  ad  libitum  from  1  to  28  days 
of  age  at  -which  time  the  experiment  was  terminated.  Individual  body- 
weights  were  obtained  and  2  males  and  2  females  from  each  pen  were 
sacrificed  for  bone  ash  determination.  Since  there' was  no  treatment  X 
trial  interaction,  results  of  the  two  trials  were  combined  for  presenta- 
tion, '---r:      ^  '  ■  [ 

I.        ■  •  .-■.-'.-  ■■  . ",  ■■ 

Results  and  Discussion  ' 

•     Body  weight  of  chicks  fed  graded  levels  of  phosphorus  from 
animal  protein  sources  ranged  from  95  to  99  percent  of  that  resulting 
from  feeding  chicks  equivalent  levels  from  the  inorganic  phosphorus 
sources  (Table  27).     Within  each  level  of  phosphorus  tested,   little 
variation  in  performance  was  observed  between  sources  with  the  exception 
of  the  highest  level  of  supplemental  phosphorus.     It  is  possible  that 
this  may  be  due  to  either  the  quality  of  the  protein  or  an  amino  acid 
imbalance. 

Phosphorus  supplied  from  the  aniiaal  protein  sources  resulted 
in  tibia  ash  values  that  ranged  from  101  to  102  percent  as  much  as 
the  inorganic  phosphate  sources  (Table  28).     There  was  little  variation 
observed  within  each  level  of  phosphorus  supplementation, 

'    These  data  support  the  findings  of  Spandorf  and  Leong  (196U) 
regarding  the  high  availability  of  phosphorus  in  fish  meal  and  indicate 
that  the  phosphorus  in  poultry  by-product  meal  and  meat  and  bone  meal 
is  highly  available  for  chicks.     Therefore,  analytical  phosphorus  values 
may  be  used  in  feed  formulation  without  adjustment  for  availability. 
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TABLE  27 


Body  Vr'eight  of  chicks  fed  diets  supplemented  T?ith  phosphorus 
from  animal  proteins  and  inorganic  phosphate 


Added  Phosphorus  (^)l 


Phosphorus  Soxirce 


0.05         0.10 


0.15 


Av 


%  Relative 
Utilization^ 


Fish  meal 

Poultry  by-products  meal 
Meat  and  bone  meal 
Mon OS odium  phosphate 
Dicalcium  phosphate 


Body  "weight  ( grams  )3 

293ab      3i3bcd      33i;fg  313 

289a        3i9de         326ef  31X 

293ab      333fg        3i^3g  323 

300ab      323def      356h  326 

302bc      323def      355h  326 


95 

99 

/loo 

100 


■^Indicates  percent  of  phosphorus  from  test  source  added  to 
basal  diet  calculated  to  contain  O.iiO  percent  total  phosphorus. 

^Relative  utilization  of  phosphorus  frcxn  test  sovirce  as  com- 
pared to  monosodium  phosphate. 

•^Treatment  means  are  average  -weights  of  UO  male  and  iiO  female 
broiler  chicks.     Means  bearing  the  same  superscript  do  not  differ 
significantly  (P-0.05). 


•f--'^. 
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TABLE  28 


Tibia  ash  of  chicks  fed  diets  supplemented  v/ith  phosphorus 
fran  animal  proteins  and  inorganic  phosphate 


Phosphorus  Source 


Added  Phosphorus  (^)l 


0.05 


%  Relative 


0.10 


0.15        Av        Utilization2 


Fish  meal 


Tibia  Ash  (^)3 
36.7^^°  38.Ubcd    l;i.5ef    38.3 


Poultry  by-products  meal      36.2^^    38.9°<^e     U0.6^e^  38.6 


Meat  and  bone  meal 
Monos odium  phosphate 
Dicalcium  phosphate 


36.0^  39.7^ef  ij^.6f  39,1 
35.7^  39.1°^®  39.8def  33.2 
35.2a      38.2^<^      Ul.3ef    38.3 


102 
101 
102 
100 
100 


■'■Indicates  percent  of  phosphorus  from  test  source  added  to 
basal  diet  calculated  to  contain  O.iiO  percent  total  phosphorus. 

2 

Relative  availability  of  phosphorus  from  test  source  as  can- 
pared  to  monosodium  phosphate, 

•^Expressed  as  percent  fat-free,  moisture-free  bone.     Treatment 
means  are  averages  of  16  male  and  I6  female  broiler  chicks.     Means 
bearing  the  same  superscript  do  not  differ  significantly  (P=0.05). 


I 
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CHAPTER  ^ 
■     .;  THE  AVAIIABILITY  OF  PHOSPHORUS  FROM  PLANT  SOURCES 

'         ?  '  "  •  ■  ■ 

The  major  portion  of  the  phosphorus  contained  in  cereals, 
cereal  by-products,   soybeans,   and  other  plant  materials  is  in  the 
form  of  phytic  acid  (inositol  hexaphosphoric  acid)  and  its  salts. 
Published  reports  are  not  in  complete  agreement  concerning  the  avail- 
ability of  this  source  of  phosphorus.     Phosphorus  extracted  from 
various  plant  materials  was  poorly  available  for  chicks  and  rats  in 
studies  reported  by  Loive  et  al.   (1939),   Krieger  et  al.  (19^0,  19Ul), 
Spitzer  et  al.  (I9ii8),  Gillis  et  al.  (I9ii9,  1957)  and  Lktterson  et  al. 
(I9ii6).     However,   the  last  group  stated  that  one  should  not  infer  from 
the  poor  availability  of  the  extracted  plant  phosphate  that  phosphorus 
of  natural  plant  material  is  necessarily  unavailable. 

The  reports  of  Heuser  et  al.  (I9li3)  and  McGinnis  et  al.  (I9l4i) 
suggested  limited  availability  of  phosphorus  from  plant  sources.     Gillis 
et  al.  (I9ii9)  indicated  that  phosphorus  present  in  natural  plant  ingredi- 
ents was  a  slightly  more  effective  source  of  phosphorus  than  that  extracted 
as  calcium  phytate.     Singsen  et  al.   (1917)  reported  that  phosphorus  in  a 
mixture  of  cereal  grains  was  relatively  unavailable  for  bone  calcification 
although  the  addition  of  vitamin  D  improved  its  utilization.     YTheat  bran 
phosphorus  was  poorly  utilized  by  rats  in  the  absence  of  vitamin  D 
(Bouiwell  et  al.,   19U6).     However,   an  adequate  intake  of  this  vitamin 
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increased  the  utilization  of  this  phosphorus  source  for  bone  calcification 
nearly  to  that  of  inorganic  phosphorus. 

The  phosphorus  in  soybean  meal  was  utilized  by  rats  for  both 
growth  and  bone  formation  (Spitzer  and  Phillips,  19h$  a,b).     Fritz  et 
al^  (I9ii7)  noted  that  under  practical  conditions  cereal  grain  phos- 
phorus was  well  utilized  by  turkey  poults.     The  phosphorus  in  unifine 
flour  was  shown  to  be  almost  completely  available  for  growth  and  some- 
what less  available  for  bone  deposition  in  the  chick  (Sieburth  et  al^, 
1952).     Vandepopuliere  et  al^  (l96l)  reported  that  plant  source  phos- 
phorus was  readily  available  for  growth  in  chicks  when  fed  at  an  optimum 
Ca:P  ratio  of  1:1.     Teraperton  and  Cassidy  (l96Ii  a,b)  concluded  from 
balance  studies  that  the  chick  was  able  to  absorb  and  retain  a  large  pro- 
portion of  ingested  plant  phosphorus,  and  utilize  this  phosphorus  for 
deposition  in  grooving  bones.     This  supports  earlier  work  by  Singsen  et 
al^  (1950)  in  which  it  was  demonstrated  by  p32  tracer  studies  that  phytin 
phosphorus  can  move  freely  about  the  body  and  participate  in  any  reaction 
requiring  phosphorus. 

The  utilization  of  this  organically  bound  form  of  phosphorus  is 
of  considerable  practical  importance  since  most  poultry  diets  must  be 
supplemented  with  phosphorus  for  optimum  performance.     Therefore,   it  was 
considered  important  to  determine  the  effect  of  the  source  or  form  of  the 
organic  phytin  phosphorus  and  the  influence  of  dietary  factors  upon  its 
availability  to  the  chick  in  order  to  estimate  the  extent  to  which  plant 
phosphorus  can  be  used  to  meet  the  phosphorus  requirement. 
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The  Availability  of  Phytic  Acid  Phosphorus  for  Chicks 

.^     Since  the  report  of  Vandepopuliere  et  al^  (l96l)  indicated  that 
plant  source  phosphorus  was  readily  available  to  support  grovrth  in  chicks 
when  fed  at  narrow  Ca:P  ratios,  this  trial  -was  conducted  to  determine  the 
availability  of  phytic  acid  phosphorus  and  the  possible  effect  of  Ca:P 
ratio  upon  its  availability,  v      : 

Experimental  Procedure 

■i    Two  trials  7;ere  conducted  with  day-old  broiler  chicks.     Graded 
levels  of  phosphorus  from  phytic  acid  (0,05  to  O.hO  percent)  and  di- 
calciura  phosphate  (0,05  to  0,20  percent)  were  fed  to  chicks  at  CasP 
ratios  of  1:1  and  2:1  (Table  29),     The  basal  diets  contained  0.27  per- 
cent total  phosphorus. 

The  phytic  acid  was  supplied  in  a  solution  containing  70  percent 
phytic  acid.     All  experimental  diets  were  kept  iso-caloric  and  iso- 
nitrogenous  by  varying  the  amount  of  com,  soybean  oil  meal  and  animal 
fat.     Increased  calcium  content  was  obtained  by  Increasing  the  level 
of  ground  limestone,  '    ' 

Two  replications  of  5  males  and  5  females  were  used  per  treat- 
ment in  each  trial  in  battery  brooders.     Experimental  diets  and  tap  water 
were  given  ad  libitum,  '' 

,,    Individual  body  weights  of  chicks  were  obtained  at  h  weeks  of 
age.     Since  the  diet  X  trial  interaction  was  not  significant,   only 
average  weights  from  the  combined  trials  are  given.     Three  males  and 
3  females  from  each  pen  in  trial  1  .were  sacrificed  for  bone  ash  determination, 
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TABLE  29 
Composition  of  basal  diets 


Ingredients 


De germinated  corn  meal 
Soybean  meal  ($0%  protein) 
Animal  fat  \ 

Ground  limestone 
Alfalfa  meal  (17^  portein) 
Micr  o-ingre  d  ient  s 1 
Iodized  salt 


Ca:P  Ratio 


1:1 


2:1 


Percent  of  diet 


.     61.38 
,      31.20 

•      • 

0.32 
3.00 
0.70 
O.iiO 


¥ 


63.20 
31.28 

0.35 
1.07 
3.00 
0.70 

o.Uo 


%icro-ingredients  as  outlined  in  Table  $. 


M  "^ ;: 


\ 


y 
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Results  and  Discussion 

;  Growth  rate  and  tibia  ash  of  chicks  were  significantly  increased 

I 

with  each  increase  of  dietary  phosphorus  supplied  either  by  phytic  acid 
or  dicalcium  phosphate  (Table  30), 

Growth  rate  and  tibia  ash  of  chicks  receiving  supplementary  phos- 
phorus from  phytic  acid  were  comparable  to  chicks  receiving  equivalent 
levels  of  phosphorus  from  dicalcium  phosphate.  These  data  are  in  dis- 
agreement with  the  earlier  findings  (Lowe  et  al.,  1939;   Heuser  et  al., 
19h3;   McGinnis  et  al^,  19hh;   and  Gillis  et  al.,  19h9)   that  phytin  phos- 
phorus could  be  utilized  slightly,  if  at  all,  by  the  chick.  However, 
these  data  are  in  agreement  with  an  earlier  report  by  Vandepopuliere 
et  al.  (1961)  and  agree  with  data  obtained  from  feeding  rats,  where  phy- 
tic acid  or  phytin  phosphorus  was  available  for  growth  and  bone  calci- 
fication (Krieger  et  alj_,  19iiO;  Spitzer  et  al.,  19U8). 

.'    The  phosphorus  source  X  Ca:P  ratio  interaction  for  body  weight 
and  bone  ash  was  found  to  be  statistically  significant  (P-  .01).  This 
significant  interaction  was  a  result  of  slightly  lowered  body  weights 
or  bone  ash  of  chicks  fed  phytic  acid  when  the  Ca:P  ratio  was  widened 
as  compared  to  an  increased  body  weight  or  bone  ash  when  the  ratio  was 
widened  with  dicalcium  phosphate  as  a  phosphorus  so'jrce.  That  widening 
the  Ca:P  ratio  interferes  with  utilization  of  phytin  phosphorus  agrees 
with  the  suggestion  of  Vandepopuliere  et  al^  (l96l).  However,  it  does 
not  explain  the  high  availability  of  the  phytic  acid  phosphorus  in  this 
study  as  compared  to  earlier  reports  with  the  chick. 


5//  '  :'.^,':v^ 


-19  - 


TABLE  30 


Body  weight  and  tibia  ash  of  chicks  fed  various  levels  of 
phosphorus  from  phytic  acid  and  dicalcium  phosphate 


^                                Supplement 

1:1  Ca:P  ratio 

2:1  Ca:] 

?  ratio 

Body 
wt.   (g) 

Tibia 
ash  {%) 

Body 
wt.   (g) 

Tibia 
ash  {%) 

%  P  added        Source                • 

^ 

'        oi  _./.v  :-^  :--;:# 

>  ■■  ■  V  ■  :   ■  .'    -■■,■* 

279 

28.8 

279 

27.5 

.05    ^'  •      1'     PiV5^ic  acid 

308 

31.1 

297 

27.0 

.10    ,;               Ptytic  acid 

-■                             ■'  ■     ■  i 

^liS 

32.2 

3Ui 

28.1 

.20  v^;.'\. 

■  Phytic  acid 

362 

35.1 

359    / 

35.2 

.ko 

Phytic  acid 

381 

37.5 

•      • 

.  « 

?■       .05  ;-■■■ 

Dicalcium  phosphate 

270 

30.6 

328 

27.3 

.10    •.,' '      '     Dicalcium  phosphate 

318 

31.7 

366 

29.5 

.20     .■■,;;           Dicalcium  phosphate 

351i 

35.li 

li02 

39.6 

Basal  diet  contained  0.27  percent  phosphorus, 


'  ■   \ 
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It  has  been  shown  -that  heat  treatment .  increases  the  availability 
of  zinc  in  soybean  protein  (Supplee  et  al^,  1958;   and  Kratzer  et  al., 
1959),  and  an  interrelationship  has  been  shovm  between  the  zinc  content 
of  the  diet  and  utilization  of  phytic  acid  (O'Dell  et  al^,  1961).     Since 
soybean  oil  meals  are  now  prepared  in  a  different  manner  than  those  used 
in  the  earlier  work,  this  difference  and  supplementary  zinc  in  the  basal 
diet  may  be  the  factors  responsible  for  the  high  availability  of  the 
phosphorus  frcxn  phytic  acid, 

'        Comparison  of  Phytin  Phosphorus  Sources 

Results  of  the  previous  studies  Indicated  that  the  phosphorus 
in  a  solution  of  phytic  acid  was  available  to  the  chick  for  growth  and 
bone  calcification.     This  series  of  trials  was  conducted  to  determine 
the  phosphorus  availability  of  salts  of  phytic  acid. 

Experimental  Procedure      .  .=?  ^     '   ■     " - 

,  ,    Three  trials  were  conducted  to  determine  the  availability  of 
phosphorus  as  phytic  acid,   calcium-magnesium  phytate,   and  sodium  phy- 
tate.     The  phytic  acid"^  (inositol  hexaphosphoric  acid)  contained  28,16 
percent  phosphorus.     The  supplement  used  was  an  aqueous  solution  con- 
taining 70  percent  phytic  acid.     The  calcium  phytate,**  described  as 
phytic  acid  calcium-magnesium  salt  with  an  approximate  analysis  of  12 
percent  calcium,  1,5  percent  magnesium  and  22  percent  phosphorus,  was 


^Nutritional  Biochemicals  Corp.,   Cleveland  Ohio. 
*Corn  Products  Co,,  New  York,  N,  Y. 
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in  the  form  of  a  white,    odorless  poivder,   insoluble  in  water.     The  sodium 
phytate,*  described  as  a  neutral  phytic  acid  sodium  salt,   contained  23.3 
percent  phosphorus.     It  was  a  white  pavder  which  was  completely  soluble 
in  water. 

A  practical  type  diet,  using  de germinated  corn  as  the  major 
energy  source  and  dehulled  soybean  meal  as  the  major  protein  source, 
served  as  the  basal  diet  for  all  trials   (Table  31).     This  diet  was 
calculated  to  contain  0.30  percent  phosphorus,   all  from  plant  sources, 
20  percent  protein,  and  1,000  kilocalories  of  productive  energy  per 
pound .        ■ 

Day-old  broiler  chicks  were  randomly  assigned  to  pens  in  battery 
brooders.     The  experimental  feeds  and  tap  water  were  supplied  ad  libitum. 
Three  pens,  each  containing  5  male  and  5  female  chicks,  were  assigned  to 
each  of  the  experimental  treatments  in  all  trials. 

Trial  1.— Feed  grade  dicalcium  phosphate,   calcium  phytate,   and 
phytic  acid  were  added  to  the  basal  diet  to  supply  0.10  and  0.20  percent 
supplemental  phosphorus,   resulting  in  total  phosphorus  levels  of  O.liO 
and  0.50  percent.     A  constant  2:1  ratio  of  calcium  to  phosphorus  was 
maintained  by  the  addition  of  reagent  grade  calcium  carbonate.     Diets 
were  maintained  iso-caloric  by  the  addition  of  finely  ground  oat  hulls. 
Chicks  were  placed  on  the  exper mental  diets  at  1  day  of  age  and  main- 
tained for  a  28-day  feeding  period,   at  which  time  individual  body  weights 
were  obtained  and  2  male  and  2  female  chicks  from  each  pen  were  sacrificed 
for  bone  ash  determination. 


Nutritional  Biochemicals  Corp.,   Cleveland,   Ohio. 
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TABLE  31 
Composition  of  basal  diet 


Lngredient  Percent 


Degerminated  corn  56.70 

* 

Soybean  meal  (50^  protein)  3li.00 

Alfalfa  meal  (17^  protein)  3^00 

Iodized  salt  qIq 

Micro-ingredientsl  0,90 

Variable  ingredients^  ^^00 


Micro-ingredients  as  outlined  in  Table  5.         '        ■-, 

2    . 

Consisted  of  calcium  carbonate,  phosphorus  source  and  oat 
hulls  in  amounts  calculated  to  attain  desired  calcium  and  phosohorus 
levels.   .      '  .    .  ,  ^   ' 
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Trial  2.— The  basal  diet  (Table  31)  was  supplemented  with  0.10 
or  0,20  percent  phosphorus  from  either  phytic  acid,   calcium  phytate, 
sodium  phytate,   or  monosodium  phosphate   (Na:-i2P0^  ,  H2O).     This  resulted 
in  total  phosphorus  levels  of  O.iiO  and  0.50  percent.     The  calcium  level 
of  all  diets  Ttas  maintained  at  O.6O  percent  total  calcium  with  3U0  I.C.U. 
of  vitamin  D3  per  pound  of  feed.     The  experimental  diets  and  tap  water 
were  supplied  ad  libitimi.     Individual  body  weights  were  determined  at 
28  days  of  age.  .   ,-;.^. 

Trial  3» — ^The  basal  diet  (Table  31)  was  supplemented  with  0,10, 
0.20  and  0.1;0  percent  phosphorus  from  phytic  acid,   calcium  phytate, 
sodium  phytate,   and  monosodium  phosphate  to  give  total  phosphorus 
levels  of  O.iiO,  0.50  and  0.70  percent.     The  calcium  level  of  all  diets 
was  maintained  at  O.6O  percent  total  calcium  by  the  addition  of  calcium 
carbonate.   •.  ;.  -  -^  ■  .    ■' .      ■  ■  ■     . 

All  diets  were  supplemented  with  360  I.C.U.   of  vitamin  D3  per 
pound.     In  addition,  diets  supplemented  with  O.iiO  percent  phosphorus 
from  each  of  the  h  phosphorus  sources  were  supplemented  with  1,080 
I.C.U.  of  vitamin  D3  per  pound  to  determine  the  effects  of  increased 
vitamin  D  levels  on  the  availability  of  the  phosphorus  from  the  various 
phytin  sources. 

Since  the  report  of  O'Dell  et  al^  (l96l)  indicated  an  interaction 
between  calcium  and  phytic  acid  relative  to  the  availability  of  zinc,   it 
seemed  desirable  to  determine  the  effects  of  zinc  supplementation  of  the 
basal  diet  upon  the  availability  of  the  phosphorus  from  the  phytin  sources. 
Therefore,  the  diets  containing  360  I.C.U.  of  vitamin  D3  per  pound  and  O.iiO 
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percent  added  phosphorus  from  each  of  the  h   sources  were  supplemented 
T/ith  200  p. p.m.  of  zinc  in  the  form  of  zinc  sulfate  and  compared  to 
comparable  diets  without  zinc  supplementation.  The  experimental  diets 
and  tap  water  were  supplied  ad  libitum.  At  28  days  of  age  individual 
body  weights  were  obtained. 

Results  and  Discussion 

Trial  1.— No  significant  differences  were  observed  between  the 
availability  of  phosphorus  from  phytic  acid  or  dicalcium  phosphorus  as 
determined  by  body  weight  or  tibia  ash  (Table  32).     This  was  true  at 
both  levels  of  phosphorus  supplementation.     The  addition  of  0.10  percent 
phosphorus  from  calcium  phytate  to  the  basal  diet  significantly  increased 
both  body  weight  and  bone  ash  but  the  response  was  not  comparable  to  that 
of  phytic  acid  or  dicalcium  phosphate  at  this  level  of  supplementation. 
Increasing  the  level  of  phosphorus  supplementation  to  0.20  percent  from 
calcium  phytate  resulted  in  a  slight  but  non-significant  increase  in 
body  weight  as  compared  to  the  basal  diet,  but  a  decrease  as  compared 
to  the  0.10  level.     Tibia  ash  was  significantly  increased,   however,   lend- 
ing support  to  the  report  by  Sieburth  et  al^  (1952)  that  the  phosphorus 
from  calcium  phytate  was  relatively  unavailable  for  groivth  but  available 
for  bone  deposition.     In  no  case,  however,  did  the  degree  of  calcification 
on  the  calcium  phytate  diets  approach  that  attained  on  the  phytic  acid 
or  dicalcium  phosphate  diets,  '  • 

-.;    Trial  2. — Diets  supplemented  with  phosphorus  from  calcium  phytate 
did  not  support  a  level  of  growth  equivalent  to  that  obtained  from  feeding 
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TABLE  32 


Body  weight  and  tibia  ash  of  chicks  fed  diets  supplemented 
•with  various  sources  of  organic  and  inorganic  phosphorus 


Phosphorus  Body  weight  (gms.)l     Tibia  ash  (^)l 


Source  %  Added         M  F         Av  M  F  Av 


Basal  diet2                           o  211  200  205^  23.5  25.1  2i;.3^ 

Calcium  phytate    '   '        0.10  287  2\xl  267°  26.3  26.6  26. 5^ 

0.20  22ii  232  228^  25.5  29.2  27.9^ 

Phytic  acid                     0.10  ^S^  323  338^  30.6  32.8  31.7'^ 

0.20  ^3Z  3ii2  368^  39.9  39.0  ^^S^ 

Dicalcium  phosphate       0.10  "i^^  310  338^  32. li  30. 8  31.6^ 

0.20  388  3li6  367^  35.9  38.2  37.02 


iMeans  bearing  the  same  superscripts  do  not  differ  signifi- 
cantly (P=0.05). 

Basal  diet  calculated  to  contain  0.30^  phosphorus.  All  diets 
fed  at  a  2:1  Ca:P  ratio. 


i. 


M^' 


I 
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the  other  phosphorus  sources  at  either  level  of  supplementation  (Table  33). 
Sodium  phytate  phosphorus  at  the  0,10  percent  level  of  supplementation 
supported  a  gro^vth  rate  that  was  numerically  but  not  significantly 
superior  to  the  calcium  phytate  groups.  liThen  the  sodium  phytate  sup- 
plementation -was  increased  to  0,20  percent  phosphorus,  body  vieight  data 
indicated  its  utilization  T;as  significantly  greater  than  that  of  calcium 
phytate  but  did  not  approach  that  of  the  phytic  acid  or  monos odium  phos- 
phate supplements.  Body  weight  data  indicated  that  phytic  acid  phosphorus 
was  not  as  available  as  the  monos odium  phosphate  at  the  0.10  percent  level 
of  supplementation  but  was  equally  available  at  the  0,20  percent  level. 
Trial  3. — Comparison  of  the  growth  rate  of  chicks  fed  the  phos- 
phorus supplements  at  a  level  of  0.10  percent  added  phosphorus  indicated 
monosodium  phosphate  to  be  superior  to  the  three  phytin  phosphorus 
sources  (Table  3U),  Phytic  acid  and  sodium  phytate  were  of  equal  value 
in  promoting  chick  growth,  while  calcium  phytate  was  inferior  to  all 
phosphorus  sources  tested.  ViTien  the  phosphorus  supplementation  was  in- 
creased to  0.20  percent,  phytic  acid  supported  a  groivth  rate  comparable 
to  that  of  chicks  on  diets  supplemented  with  monosodium  phosphate. 
Supplementation  with  sodium  phytate  at  this  level  did  not  support  a 
growth  rate  conparable  to  that  of  monosodium  phosphate  or  phytic  acid 
supplementation,  but  was  superior  to  calcium  phytate  supplementation. 
Calcium  phytate  continued  to  give  inferior  performance;  however,  a  sig- 
nificant improvement  in  growth  was  obtained  as  the  level  of  phosphorus 
supplementation  from  this  source  was  increased  frcxn  0.10  to  0,20  percent. 
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TABLE  33 


Body  weight  of  chicks  fed  diets  supplemented  with  various 
sources  of  organic  and  inorganic  phosphorus 


PhosDhorus  source 


Phytic  acid 
Sodium  phytate 
Calcium  phytate 
Mon OS odium  phosphate 


%  Added  phosphorus^ 


0.10 


0.20 


M 


Av 


M 


Av 


Body  weight   (grams) 2 

386        338      36l^g  Uli2      li06  1x2^^ 

351        3lil      3ii5®^  iiOii      36U  3832^ 

3li9        327      337^6  331      303  3i7d 

U35        378      ii06hi  liie      391  118^ 


^The  basal  diet  was  calculated  to  contain  O.30  percent  phos- 
phorus, all  fran  plant  sources.     All  diets  contained  0.60  percent 
calciim. 


2vr, 


ly  (P=  0.05). 


Means  bearing  the  same  superscript  do  not  differ  significant- 
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'./;■   TABLE  3k 


Body  weight  of  chicks  fed  diets  supplemented  -with  various 
sources  of  organic  and  inorganic  phosphorus 


■*i 


Phosphorus 


-  Zinc 


Source 


%  Added 


360  D-: 


Basal3 


1,080  D3 


M 


Av 


M 


Av 


Body  weight  ( grams )2 
3Se      2kS    300^     l;io  350  380^^ 


Zincl 


360  D- 


M    F   Av 


316  27U  295a 


Mon OS  odium 
phosphate 


0.10      ii30 
0.20       li65 


O.liO  li78 

Phytic  acid      0.10  373 

-':.,.,\  0.20  his 

:    :  \,'  1    o.iiO  ii66 


Sodium 
phytate 


Calcium 
phytate 


0.10  395 

0.20  398 

O.UO  li6l 

0.10  362 

0.20  361 

O.liO  392 


392  lilief 

121  lili3g^i 

ii3U  ii56hi 

350  362^c 

iil5  hhS^^ 

li28  iil7^i 

3li5  370bc 

370  381i°^ 

ii28  iiU;ghi 

277  320^ 

335  3ii8^ 

367  360<= 


li83    li27    hSQ^^         hQ9    hhS    hSj^ 


ii72    lil7    hh$^^         119    h3S    157^^ 


hhO    396     lil8efg        kk<)     1^22     ii35^gh 


li2ii    381    1x03,^^         371    355    363^^ 


Zinc  supplementation  at  200  p. p.m.  supplied  by  zinc  sulfate. 

Means  bearing  the  same  superscript  do  not  differ  signif icantlv 
(P  =  0.05).  ^ 

^The  basal  diet  was  calculated  to  contain  0.30  percent  phosphorus, 
All  diets  contained  0.60  percent  calcium. 
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Tihen  the  level  of  phosphorus  supplementation  was  increased  to 
O.UO  percent,  raonosodium  phosphate,  phytic  acid,  and  sodium  phytate 
supported  an  equal  rate  of  groivth.     Calcium  phytate  supplementation  at 
this  level  significantly  increased  growth  rate  as  compared  to  the  0,20 
percent  level  of  supplementation,   but  performance  was  inferior  to  the 
other  three  sources. 

Increasing  the  vitamin  D3  level  of  the  diet  from  360  to  1,080 
I.CU,  per  pound  at  the  O.IiO  percent  level  of  phosphorus  supplementation 
did  not   influence  chick  performance  on  the  diets  supplemented  with  mono- 
sodium  phosphate,   phytic  acid,   or  sodium  phytate,  but  significantly  in- 
creased the  28-day  body  weight  of  chicks  receiving  supplemental  phos- 
phorus from  calcium  phytate  (Table  3U). 

Zinc  supplementation  of  the  diets  containing  0,1:0  percent  phos- 
phorus from  each  of  the  four  sources  had  no  significant  effect  on  28-day 
body  weight   (Table  3li).  ,      ■•  ./ 

The  results   of  these  trials   indicate  that  the  phosphorus  from 
the  phytic  acid  supplement   (inositol  hexaphosphoric  acid)  was  highly 
available  and  equal  to  the  dicalcium  or  monosodiura  phosphates  in  most 
instances,   as  measured  by  body  weight  and  tibia  ash.     This  confirms  the 
report  of  Harms  et  al,   (1962)     that  phosphorus  from  phytic  acid  was  as 
available  as  that  f rem  dicalcium  phosphate . 

The  availability  of  phosphorus  from  sodium  phytate  was  some- 
what lower  than  frcm  phytic  acid  or  the  inorganic  phosphates.     The 
availability  of  the  sodium  phytate  phosphorus  tended  to  increase  as 
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the  level  of  supplementation  increased,  approaching  that  of  the  di- 
calcium  or  monosodium  phosphate  at  high  levels  of  supplementation. 

The  phosphorus  in  the  calcium-magnesium  salt   or  phytic  acid 
(calcium  phytate)  Tfas  essentially  xmavailable  for  grovrth  and  only 
slightly  available  for  bone  calcification  under  the  conditions  of 
these  experiments.     This  confirms  the  reports  of  Matterson  et  al. 
(I9ii6),  Sieburth  et  al_^  (19^2)  and  Gillis  et  al.  (1957).     In  contrast 
to  the  sodium  phytate  supplement,  the  availability  of  the  calcium  phy- 
tate phosphorus  appeared  to  decline  as  the  level  of  supplementation  in- 
creased.    In  only  one  of  three  experiments  did  higher  levels  of  calcium 
phytate  continue  to  improve  performance.  /       ' 

Increasing  the  vitamin  D3  level  of  the  diet  from  36O  to  1,080 
I.C.U.  per  pound  significantly  increased  the  availability  of  the  calciian 
phytate  phosphorus,  but  did  not   influence  the  availability  of  phytic 
acid  or  sodium  phytate  phosphorus.     This  finding  agrees  with  the  reports 
of  several  workers  (Krieger  and  Stenbock,   19U0;   Boutwell  et  al.,   19ii6; 
Singsen  et  al.,   19ii7;  Spitzer  et  al.,   19U8j  Gillis  et  al.,   1957)  and  may 
be  due  either  to  its  well-known  action  on  calcium  absorption  or  to  some 
activating  action  on  the  intestinal  phytase  enzyme.     However,   Krieger 
et  al.  (I9lt0)  reported  that  the  calcium  from  calciirai  phytate  was  as 
available  as  from  calcium  carbonate  when  adequate  phosphorus  was  sup- 
plied from  inorganic  phosphates,   and  Spitzer  et  al.   (19U8)  reported  that 
vitamin  D  was  not  necessary  for  phytase  formation.     In  both  of  these  tests, 
weanling  rats  were  used  and  a  species  difference  may  be  present. 


! 
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"^  The  findings  which  indicate  high  availability  for  phosphorus  in 
phytic  acid  and  sodium  phytate  appear  to  be  a  direct  contradiction  of  the 
results  of  Harrison  and  Mellanby  (1939).  These  authors  reported  that 
phytic  acid  and  sodium  phytate  exert  poiverful  rachitogenic  actions  when 
added  to  low  calcium  non-rachitogenic  diet  while  calcium  phytate  was 
slightly  antirachitic.  These  workers  postulated  that  this  rachitogenic 
action  was  due  to  an  inhibition  of  calcium  absorption  from  the  alimentary 
canal;  again,  a  species  difference  may  be  involved  as  these  authors 
utilized  young  puppies  as  their  experimental  animal, 

;    Effect  of  Calcium  and  Vitamin  Do  Levels  on  the 

Utilization  of  Calcium  Phytate  / 

Results  of  the  previous  studies  demonstrated  that  phosphorus 
from  phytic  acid  and  dicalcium  phosphate  were  of  equal  availability  to 
the  chick.  However,  a  widening  of  the  calcium: phosphorus  ratio  decreased 
the  relative  availability  of  the  phosphorus  in  phytic  acid  to  a  greater 
degree  than  phosphorus  from  dicalcium  phosphate. 

The  phosphorus  from  the  calcium  salt  of  phytic  acid  was  shown 
to  be  less  available  than  that  from  phytic  acid  or  sodium  phytate  phos- 
phorus. In  view  of  these  results,  trials  were  conducted  to  fxorther 
define  the  influence  of  calcium  and  vitamin  D3  levels  on  the  utilization 
of  calcitun  phytate  phosphorus. 

Experimental  Procedure 

A  practical  type  diet  using  degerminated  corn  meal  as  the  major 
energy  source  and  dehulled  soybean  meal  as  the  major  protein  source 
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seized  as  the  basal  diet   (Table  31).     This  diet  ivas  analyzed  to  contain 
0.3Q  percent  phosphorus   (all  from  plant  sources),   and  was  calculated  to 
contain  20  percent  protein,  and  1,000  kilo-calories  of  productive  energy 
per  pound  of  feed. 

Day-old  broiler  chicks  were  randomly  assigned  to  pens  in  battery 
brooders.     Three  pens,  each  containing  5  male  and  5  female  chicks,  -were 
assigned  to  each  of  the  experimental  treatments.     The  experimental  feeds 
and  tap  water  were  supplied  ad  libitum. 

Trial  1. — Calciton  phytate  was  compared  to  dicalcium  phosphate 
at  levels  of  0.05,   0.10,   0.20,   and  0.30  percent  added  phosphorus  at 
calcium  to  total  phosphorus  ratios  of  0,8:1,  l.ii:l,  and  2:1.     A  level 
of  360  I.C.U,  of  vitamin  D3  per  pound  was  used  in  each  of  these  diets. 
In  addition,  vitamin  D3   (l,liUO  I.C.U,  per  pound  of  feed)  was  added  to 
diets  supplemented  with  0.20  percent  phosphorus  from  calcium  phytate 
at  each  of  the  3  calcium: phosphorus  ratios. 

The  calcium  phytate  supplement,*  described  as  phytic  acid  calcium- 
magnesiura  salt  with  an  analysis  of  12  percent  calcium,   1,5  percent  mag- 
nesium,  and  22  percent  phosphorus,  was   in  the  form  of  a  white  odorless 
powder  insoluble  in  water,  :  ;    ' 

•      At  21  days  of  age  the  chicks  were  individually  weighed  and  2 
male  and  2  female  chicks  from  each  pen  were  sacrificed  for  bone  ash 
detemaination.         •■ ,  ..        ,.        -  .,    ,     ^.       ..     . 


*'Gorn  Products  Co.,  New  York,   N.  Y, 
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Trial  2. — ^A  2^  factorial  arrangement  of  2  phosphorus  sources 
(calcium  phytate  vs.  dicalcium  phosphate),   2  supplemental  phosphorus 
levels  (0.10  vs.  0.20  percent),   2  calcium  levels   (0.50  vs.  1,00  per- 
cent),  and  2  vitamin  D3  levels   (360  vs.  6,000  I.C.U.  per  pound)  v;as 
used  in  this  test.     The  chicks  and  the  basal  diet  -vvere  prepared  as  in 
Trial  1.     The  experimental  diets  vjere  fed  for  21  days  at  which  time 
individual  body  weights  were  obtained.  ;-  : 

Results  and  Discussion 

Trial  1. — Tv;enty-one -day  body  -weight  and  tibia  ash  v/ere  signifi- 
cantly affected  by  the  source  and  level  of  phosphorus,   the  Ca:P  ratio 
and  the  vitamin  D3  level  of  the  diet  (Tables  35  and  36),     As  expected, 
there  v/ere  significant  interactions  among  the  factors  of  phosphoras 
source,   level  of  added  phosphorus,   and  the  calcium: phosphorus  ratio  of 
the  experimental  diets.     At  the  lo^vest  Ca:P  ratio,    (0,8:1),  the  addition 
of  0.05  or  0.10  percent  phosphorus  from  calcium  phytate  increased  body 
■weight  and  tibia  ash,  with  the  increase  from  the  0,10  percent  level 
statistically  significant.     A  further  increase  in  phosphorus  from  this 
source  had  no  additional  effect.     In  fact  the  addition  of  0,30  percent 
phosphorus  from  calcium  phytate  resulted  in  body  T;eight  and  tibia  ash 
values  similar  to  those  observed  on  the  basal  diet  with  no  added  phos- 
phorus.    In  comparison,   levels  of  dicalcium  phosphate  up  to  0,30  percent 
added  phosphorus  significantly  increased  body  vjeight  and  tibia  ash, 

A  comparison  of  the  2  sources  at  the  0,8:1  Ca:P  ratio  indicates 
that,  with  the  exception  of  the  diet  containing  0,30  percent  added 


l^t: 


'9h' 


TABIE  35 


Body  -weight  of  chicks  fed  different  phosphorus  sources, 
levels   of  vitamin  D3,   and  calci\ira: phosphorus  ratios 


fe 


Phosphorus 

Vit  D 
I.C.U./lb. 

Calcium: phosphorus  rat 

io 

Source 

%  Added 

0.8:1 

l.U:l 

2:1 

Average 

Body 

-weight   ( grams)! 

Basal2        ■  1 

0 

360 

238^g 

262iJ 

202° 

231; 

■1  .. 
Calcium       J; 

0.05 

360 

251  g^ 

229ef 

I81ib 

221 

phytate    , 

0.10 

360 

28ilm 

238^g 

186^ 

235 

1         ' 

0.20 

360 

279kl 

2i3cd 

163^    . 

218 

t 

>     0.20 

l,UiO 

28U™^ 

268^^1 

175ab 

2li2 

0.30 

360 

235^g 

220^6 

l6oa 

205 

Dicalcium 

0.05 

360 

26UJ^ 

267^1 

228ef 

255 

phosphate 

0.10 

360 

272^1 

27U^1 

259hi 

278 

0.20 

360 

27U^1 

300^0 

285™^ 

275 

■:  .            ■    ,               ' 

0.30 

360 

315° 

299110 

297m3i 

30U 

Means  bearing 
ly  (P  =  0.05). 

the  same  superscripts 

do  not 

differ  significant- 

"Basal  diet  contained  0.30  percent  phosphorus. 
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TABLE  36 


Tibia  ash  of  chicks  fed  different  phosphorus  sources,  vitamin  D3 
levels,  and  calciur.: phosphorus  ratios 


i^ 


V 


Phosphorus 

Vit  ] 
I.C.U 

D 
./lb. 

Calcium:phosphorus  rat 

io 

Source 

%  Added 

0.8:1 

l.U:l 

2:1 

Average 

.  -  -   -.-- 

Tib: 

La  ash  (^)l 

Basal2 

0 

360 

30.9^^^ 

29.i.bc 

25.9a 

28.7 

Calcium 
phytate 

0.05 
0.10 

360 
360 

33,3de 
33. 8^ 

27.5^^ 
26.5^ 

26.5^ 
25.7a 

29.1 

28.8 

0.20 

360 

3ii.U«^ 

25.3^ 

27.6ab 

29.1 

0.20 

l,i;UO 

33. ii^^ 

33. 5^ 

27.6ab 

31.5 

0.30 

360 

29.5bc 

25.1^ 

25.2a 

26.6 

ricalcium 
phosphate 

0.05 
0.10 

360 
360 

31^.2^^' 
35.0^^ 

29.9bc 
35.06-' 

25.3a 

31.2cd 

29.8 
33.8 

■  ^" .     1 

0.20 

360 

;^ 

36.5^g 

39.8hi 

37. 7^^ 

38.0 

0.30 

360 

37.92" 

ia.3^ 

U.Oi 

iiO.l 

lj.!eans  bearing  the  same  superscript  do  not  differ  significantly 
(P  =  0.05). 


-Basal  diet  contained  0.30  percent  phosphorus. 
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phosphorus  from  calcium  phytate,  there  were  no  significant  differences 
in  body  -weight  or  tibia  ash  at  comparable  phosphorus  levels.  In  several 
instances,  body  weight  was  numerically  greater  for  the  calcium  phytate 
groups  (Table  35),  while  dicalcium  phosphate  tended  to  produce  a  greater 
degree  of  bone  calcification  (Table  36), 

An  increase  in  the  Ca:P  ratio  to  1,1^:1  significantly  depressed 
body  weight  and  tibia  ash  of  the  chicks  fed  diets  supplemented  with 
phosphorus  from  calcium  phytate.  A  further  increase  in  the  Ca:P  ratio 
to  2:1  severely  Ic/iered  body  weights  but  had  little  additional  effect 
on  bone  ash  of  chicks  consuming  diets  supplemented  with  calcium  phytate. 
Chicks  fed  comparable  diets  supplemented  with  phosphorus  from  dicalcium 
phosphate  were  not  as  severely  affected  by  increases  in  the  Ca:P  ratio. 
This  was  observed  as  a  source  X  ratio  interaction  that  was  highly  sig- 
nificant for  both  body  weight  and  tibia  ash. 

;  At  the  2:1  Ca:P  ratio,  higher  levels  of  added  phosphorus  from 
calcium  phytate  (i.e.,  0,20  and  0.30  percent)  produced  a  more  severe 
depression  in  body  weight  than  did  lower  levels.  Hovjever,  this  effect 
was  not  as  severe  when  tibia  ash  was  the  criterion.  Chicks  fed  the 
diets  containing  dicalcium  phosphate  tolerated  the  2:1  Ca:?  ratio  to  a 
greater  extent  than  did  chicks  fed  the  calcium  phytate  supplemented 
diets.  As  the  level  of  phosphorus  from  dicalcium  phosphate  increased, 
less  depression  in  body  weight  or  tibia  ash  was  observed. 

•  Increasing  the  level  of  vitamin  D-j  (l,Ui;0  vs.  360  I.C.U./lb.) 
in  the  diet  supplemented  with  0.20  percent  phosphorus  from  calcium 
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phytate  significantly  improved  body  v^eight  and  tibia  ash  at  a  Ca:P 
ratio  of  Lk'-l  (Tables  3U  and  35).     At  Ca:P  ratios  of  0.8:1  and  2:1, 
body  weight  was  numerically  but  not  significantly  increased  by  the 
addition  of  the  higher  level  of  vitamin  D3.     Ho-wever,   little  effect  was 
observed  on  tibia  ash  at  these  Ca:P  ratios. 

Trial  2. — Calcium  phytate  was  inferior  to  dicalcium  phosphate  as 
a  phosphorus  source  at  all  levels  of  phosphorus,   calcium  and  vitamin  D3 
supplementation  as  measured  by  body  weight   (Table  37).     The  availability 
of  both  sources  was  significantly  affected  by  alterations  in  the  calcium 
and  vitamin  D3  levels  in  the  diet. 

At  either  level  of  calcium  supplementation,    increasing  the 
vitamin  D3  level  of  the  diet  from  360  to  6,000  I.C.U.  per  pound  resulted 
in  an  increase   in  21-day  body  weight.     This  increase  was  statistically 
significant  at  all  levels  of  supplementation  with  calcium  phytate  and 
at  the  0.10  percent  phosphorus  level  of  supplementation  with  dicalcium 
phosphate.     The  increase  in  body  weight  resulting  from  the   increased 
vitamin  D3  supplementation  at  higher  levels  of  supplementation  with 
dicalcium  phosphate  was  numerically  superior  at  the  1.0  percent  level 
of  calcium  and  significantly  superior  at  the  0,5  percent  level  of 
calcium, 

'  ■  ;     Chicks  fed  diets  supplemented  with  phosphorus  from  calcivmi  phytate 

•were  heavier  when  the  diet  contained  0.5  percent   calcium  than  at  1,0  per- 
cent calcium.     Diets  containing  0,10  percent  phosphorus  from  dicalcium 
phosphate  also  supported  greater  growth  at  the  lower  calcitcn  level. 
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TABLE  37 


Body  -weight  of  chicks  fed  different  phosphorus  sources  with 
varying  levels  of  calcium  and  vitamin  D^ 


Phosphorus 

1%  Calciam 
360             6,000 

0,$%  C. 
360 

alcium 

Source                           % 

Added 

6,000 

Body  weight 

( grams )1 

Basal  diet2 

0 

llU^ 

208d 

•      • 

•   • 

Calcium  phytate 

0.10 

129b 

2273fg 

206^ 

25ihi 

0.20 

13U^ 

2i7de 

2i7de 

268J 

Dicalcium  phosphate 

0.10 

218® 

2iilgJ^ 

276J 

29Uk 

't                         : 

0.20 

265^j 

277J 

237fgh 

298kl 

■'■I.Ieans  bearing  the  same  superscript  do  not  differ  significantly 
(P=0.05). 

j    ^Basal  diet  contained  0.30  percent  phosphorus. 
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but  vjhen  the  supplemental  phosphorus  level  was  increased  to  0,20  percent 
from  dicalcium  phosphate,  growth  on  the  higher  calcium  level  -was  favored 
when  both  levels  of  supplemental  vitamin  Do  -were  combined.  However,  th^ 
maximum  growth  at  this  level  of  phosphorus  supplementation  resulted  when 
the  calcium  level  of  the  diet  v;as  0,50  percent  and  the  vitamin  D3  level 
was  6,000  I,C,U,  per  pound. 

The  results  of  these  trials  demonstrate  a  close  relationship 
between  calcium  and  phosphorus  levels  and  ratios  and  the  vitamin  Do 
level  of  the  diet  upon  the  utilization  of  the  phosphorus  from  calcium 
phytate.  Low  calcium  levels  or  low  Ca:P  ratios  tended  to  Improve  the 
availability  of  the  calcium  phytate  phosphorus.  In  several  instances 
the  improvement  in  phosphorus  availability  was  such  that  calcium  phy- 
tate phosphorus  was  equal  to  dicalcium  phosphate  phosphorus  in  promoting 
growth  or  bone  calcification.  These  low  calcium  levels,  however,  were 
not  the  most  desirable  levels  for  optimum  performance  on  diets  supple- 
mented with  dicalcium  phosphate.  Higher  levels  of  calcium  or  wider 
Ca:P  ratios  were  required  for  optimum  performance  on  dicalcium  phosphate 
supplemented  diets;  these  higher  calcium  levels  lowered  the  availability 
of  the  calcium  phytate  phosphorus. 

Increasing  the  level  of  vitamin  D3  in  the  diet  (l,iiiiO  to  6,000 
vs.  360  I.C,U./lb.  of  feed)  improved  the  utilization  of  phosphorus  from 
both  calcixm  phytate  and  dicalcium  phosphate  at  certain  Ca:P  levels  and 
ratios.  This  would  be  expected  since  the  data  in  Chapter  7  demonstrated 
that  the  vitamin  D3  requirement  of  chicks  was  increased  at  vuifavorable 
calcium: phosphorus  ratios. 
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,; j '  The  Availability  of  Natiiral  Plant  Phosphorus 

The  majority  of  the  workers  who  have  reported  a  low  availability 
for  organic  phosphorus  have  utilized  a  chemically  isolated  product,  rather 
than  the  intact  form.     Results   of  the  previous  experiment  demonstrated  a 
significant  difference  in  the  availability  of  various  salts  of  phytin 
phosphorus.     Therefore,  this  study  was  conducted  to  determine  the  avail- 
ability of  phosphorus  in  various  portions  of  the  corn  grain  without 
chemical  isolation  or  extraction.  >  ,  •       '   . 

' '  '  / 

Experimental  Procedure  ;  •   ' 

Three  types  of  corn  products  were  used  as  primary  energy  sources 
in  a  simplified  chick  feed  to  study  the  availability  of  plant  phosphorus. 
These  products  were  ground  whole  white  corn,   degerminated  white  corn  m.eal, 
and  hominy  meal.     The  hominy  meal  is  a  by-product  of  corn  meal  manufacture 
and  consists  of  a  mixtxure  of  the  corn  bran,  the  corn  germs,   and  a  part  of 
the  starchy  portion  of  the  kernels.     It   is  fully  equal  to  corn  in  poultry 
diets   (Morrison,   1959).     All  3  ingredients  were  submitted  to  3  laboratories 
for  phosphorus  analysis   (Table  38). 

Basal  diets  were  prepared  using  each  of  the  3  corn  products 
(Table  39).     A  constant  amount   of  soybean  meal  was  used  in  order  that 
the  variation  in  phosphorus  level  of  the  diet  would  be  a  result  of  the 
corn  component.     Some  adjustment   of  the  hominy  meal  diet  was  necessary 
to  maintain  a  constant  level  of  energy  and  protein.     Cerelose  and  corn 
oil  were  added  to  adjiist  for  energy  content  and  isolated  sov  orotein 
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TABLE  38 


Phosphorus  analysis  of  corn  products 


Corn  Product 


Laboratory 
2 


Ave. 


1  ■ 

%  Phosphorus 

De germinated  corn 

0.09 

0.09 

0.11 

0.10 

Corn  meal 

0.26 

0.25 

0.28 

0.26 

Hominy  meal 

0.61 

0.63 

0.59 

0.61 

I/; 


1-  ^^ "- 
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TABLE  39 


CorriDosition  o±  diets 


Ingredient 

Percent  of  Diet 

-  • '  - 

('■ 

1 

2 

3 

t 

Degerrainated  corn 

59.7 

•   • 

.  . 

TfiThite  corn  meal 

•      • 

59.7 

•  • 

Kominy  meal 

•      • 

.  . 

lil.O 

\ 

Corn  oil 

•      • 

.'  •  • 

h.hS 

Cerelose 

•      • 

•   •         -  ;:  'i.  .- 

13.3I1 

•■ 

Soy  protein 

•      • 

•  .       /;.'   ' 

0.91 

■  , 

Iodized  salt 

o.Uo 

o.liO        ;  ■: 

O.liO 

Soybean  meal  {$0%  protein) 

31;.  00 

3ii.oo         ■' 

3ii.00 

Micro-iagredientsl 

0.90 

:       0.90       ;- 

0.90 

Variable^ 

5.00 

5.00 

5.00 

!•', 

%  Protein 

22.ii0      V 

22.1iO 

22.iiO 

Calories  PEAb. 

928.00 

928.00 

928.00 

■■■•'     ^P                          (            ' 

0.30 

O.liO 

0.50 

;, 

-■;   -        ^  Ca 

0.60 

0.60 

0.60 

•"•Micro-ingredients  as  outlined  in  Table  5. 

^Consisted  of  reagent   grade  calciixm  carbonate,   reagent  grade 
monos odium  phosphate,   and  pulverized  oat  htills. 


'.  ;■:■-.  ■  '  : 


}  ' 
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added  to  adjiist  protein  levels.     Using  an  average  of  the  analytical 
values  for  the  3  ingredients,  the  diets  were  calculated  to  contain  0,30, 
O.IiO,   and  0,50  percent  phosphorus  for  the  degerminated  corn,  white  com 
meal,   and  hominy  meal  diets,  respectively.     Chemical  analyses  of  the 
mixed  diets  by  the  3  laboratories  were   in  close  agreement  with  calcu- 


li:';   :,■      lated  values. 


To  each  of  the  3  basal  diets,   graded  levels  of  inorganic  phos- 
phorus were  added  in  the  form  of  reagent  grade  monosodiura  phosphate 
(KaH2P0l|  •  H2O),     Phosphorus  supplementation  levels  were  o,   0,10,  0,20, 
0,30,   and  0,ii0  percent,  resulting  in  a  3  X  5  factorial  arrangement  of 
.■^.'i^,';   ■  treatments.     The  total  calcium  content  of  all  diets  was  held  constant 

■g.,.-.-  i_  -  ■ 

|..?:C?^.-  at  0,60  percent  by  the  addition  of  calcium  carbonate.     This  level  of 

calciisn  supplementation  met  the  calcium  requirement  of  the  0-  to  i;-week- 

■  old  chick  for  this  basal  diet   (Chapter  6)  without  creating  a  severe 

Ca:P  inbalance  in  the  diet.     The  supplemental  vitamin  D  level  was  660 

t;  I.C.U.  per  pound  of  feed.  .         -       ,. 

■-  -•  ,i    Three  successive  feeding  trials  were  conducted,  using  the  origi- 

nal samples  of  the  corn  products  to  prepare  the  feeds  for  each  trial, 

^V;.,,  Day-old  broiler  chicks  were  randomly  assigned  to  pens  in  battery  brooders. 

The  experimental  feeds  and  tap  water  Y/ere  offered  ad  libitum.     Ten  chicks, 
equally  divided  as  to  sex,  were  assigned  to  each  pen.     In  each  of  the  3 

:.,.,.  feeding  trials,  U  pens  were  assigned  to  each  dietary  treatment,  result- 

^,;  r/  ,.,     /     ing  in  an  over-all  total  of  120  chicks  per  treatment. 

>!.■:'•.■'  .       ,    At  28  days  of  age  the  chicks  were  individually  weighed  and  2 

'.  chicks  of  each  sex  were  sacrificed  from  each  pen  for  bone  ash  determination, 


F 
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Analysis  of  the  data  indicated  no  significant  trial  X  treatment 
interaction  and  permits  discussion  of  the  average  results  of  the  3  trials. 

Results  and  Discussion 
f;'-'  ■„  Organic  plant  phosphorus,   supplied  in  the  diet  as  corn  meal  or 

||,:-,>  . '     hominy  meal,  was  utilized  as  7?ell  as  inorganic  phosphorus  in  promoting 
body  weight  gains   (Table  UO).     However,   it  was  somewhat  less  available 
for  calcification  of  bones   (Table  U).     As  there  was  no  sex  X  treatment 
interaction  observed,   discussion  is  based  on  treatment  average. 
p^^:r  Examination  of  the  body  weight  data  presented  in  Table  UO  indicates 

that  0.10  percent  organic  plant  phosphorus  furnished  by  corn  meal  promoted 
significantly  greater  growth  than  0.10  percent  inorganic  phosphorus  added 
i       .  to  a  low-phosphorus  basal  diet  composed  of  degerminated  corn.     However, 

;  in  comparison  to  the  low-phosphorus  degerminated  corn  basal  diet  sup- 

;      •  plemented  with  0.2  or  0.3  percent  inorganic  phosphorus,  the  0.1  percent 

;.  level  of  added  organic  phosphorus  from  corn  meal  supported  significantly 

less  body  weight  gains  in  diets  having  identical  levels  of  total  phosphorus. 
^  At  total  phosphorus  level  of  0.70  percent,  the  0.1  percent  organic  phos- 

;  phorus  furnished  by  corn  meal  again  significantly  improved  growth  rate 

S'^:-       as  compared  to  the  low-phosphorus  degerminated  corn  supplemented  with 
inorganic  phosphorus. 

Organic  phosphorus  supplied  from  hominy  meal  also  supported  body 
weight  gains.     A  significant  improvement  in  body  weight  was  obtained  when 
a  basal  diet  containing  0.50  percent   organic  phosphorus  using  hominy  meal 
was  compared  to  0.2  percent  inorganic  phosphorus  supplementation  of  the 
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degerminated  corn  diet  to  give  a  total  phosphorus  level  of  0.50  percent. 
At  higher  levels  of  total  dietary  phosphorus,  however,  the  orga.-iic  phos- 
phorus from  hominy  meal  was  as  effective  in  supporting  body  weight  as 
that  fran  the  inorganic  phosphorus  source, 
.  .      '^he  organic  phosphorus  from  either  corn  meal  or  hominy  meal  was 
significantly  less  available  for  bone  calcification  than  inorganic  phos- 
phorus (Table  lil).  THien  no  supplemental  inorganic  phosphorus  was  added 
to  the  3  all-plant  diets,  0,1  percent  additional  organic  phosphorus 
furnished  by  corn  meal  and  0.2  percent  additional  organic  phosphorus 
from  hominy  meal  significantly  improved  calcification  as  compared  to 
the  degerminated  corn  meal  diet.  No  significant  difference  was  observed 
between  the  corn  meal  (O.h  percent  total  phosphorus)  and  the  hominy  meal 
(0.5  percent  total  phosphorus)  basal  diets. 

;  Addition  of  inorganic  phosphorus  to  the  degerminated  corn  diet 
produced  tibia  ash  values  that  were  equal  to  or  significantly  superior 
to  corn  meal  or  hominy  meal  diets  containing  equivalent  levels  of  total 
dietary  phosphorus  but  with  greater  amounts  of  organic  phosphorus. 

The  data  from  these  studies  demonstrate  that  organic  plant  phos- 
phorus supported  body  weight  gains  equal  to  those  obtained  with  inorganic 
phosphorus  when  the  total  dietary  phosphorus  level  was  below  the  minimum 
phosphorus  requirement  of  the  chick.  At  higher  phosphorus  levels  there 
were  few  significant  differences  observed  between  any  of  the  treatment 
groups,  > 

In  contrast  to  the  body  weight  data,  the  organic  plant  phosphorus 
was  considerably  less  available  for  bone  calcification  than  was  inorganic 
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phosphate  even  when  the  total  phosphorus  level  of  the  diet  was  below 
the  requirement  of  the  chick.      The  phosphorus  from  hominy  meal,  v;hich 
had  promoted  greater  body  weight  gains  than  from  corn  meal,  was  less 
available  for  bone  calcification  than  phosphorus  from  corn  meal. 

■    V-liile  these  results  are  in  contrast  to  the  reports  of  many 
previous  workers  concerning  plant  phosphorus  availability,   it  must  be 
stressed  that  calcium  and  vitamin  D3  supplementation  of  the  experi- 
mental diets  was  expressly  designed  to  permit  maxiraxM  usage  of  the 
organic  phosphoriis  as  developed  from  earlier  studies  by  Vandepopuliere 
et  al.,  (1961),  Harms  et  al^  (1962),   and  in  previous  chapters  in  this 
report.     In  addition,   the  organic  phosphorus  remained  in  its  natural 
form  in  the  plant  material  and  was  not  chemically  isolated.   ' 

Results  from  this  study  v^hich  indicate  that  organic  plant  phos- 
phorus is  highly  available  for  g.  c/rth  are  in  agreement  with  the  reports 
of  Sieburth  et  al.   (1952)  and  Temperton  and  Cassidy  (l961i  a).     The  obser- 
vation that  the  organic  phosphorus  was  less  available  for  bone  deposition 
confirms  the  report  by  Singsen  et  ^  (19U7)  and  Sieburth  et  al^  (19S2), 
but  Is  in  opposition  to  the  findings  of  Temperton  and  Cassidy  (196U  b). 

'    It  is  apparent  from  the  results  of  this  study  that  the  avail- 
ability of  the  phosphorus  in  plant  materials  may  be  much  greater  than 
generally  assumed.     Variation  in  the  phosphorus  availability  of  dif- 
ferent portions  of  the  corn  grain  is  indicated  and  may  be  responsible 
for  some  disagreement  in  results. 


CHAPTER  10 

'  SUIvC'-IARY  AND  CONCLUSIONS 

■    /■'     ■^'        \  ■'      -     . 

A  series  of  experiments  were  conducted  to  determine  the  possible 
effects  of  several  factors  upon  the  utilization  of  phosphorus  by  poultry. 
More  than  17,520  chickens  Tiere  used  in  these  studies.  The  results  of 
these  experiments  emphasized  several  factors  which  play  a  role  in  phos- 
phorus metabolism  and  should  be  of  value  in  guiding  further  research  in 

this  field  of  study.  The  results  may  be  briefly  summarized  as  follows: 

I  "  ■      . 

\  '  I 

■   V-        !       Phosphorus  Levels  in  the  Llaternal  Diet  ■'    ■     :^  ■ 


'>';:"V;, 


9m^. 


"-■'    The  addition  of  0,35  percent  phosphorus  to  hen  diets  containing 
0,3h  to  0.39  percent  phosphorus  resulted  in  significantly  increased 
hatchability  of  fertile  eggs.     However,   it  did  not  affect  the  percentage 
of  ash,   calcium  or  phosphorus   in  the  fresh  egg  or  in  the  tibia  of  the 
day-old  or  2-7;eek-old  chick. 

The  phosphorus   content  of  the  maternal  diet  did  not  affect  the 
rate  of  mineralization  of  bones  when  chicks  were  fed  a  phosphorus  sup- 
plemented diet.     V/ith  regard  to  concentration  of  ash,  phosphorus,   or 
calcium  in  the  tibia,  there  was  as  much  variation  between  the  chicks 
from  the  same  hen  as  there  was  between  chicks  from  different  hens.     There- 
fore,  consideration  of  the  phosphorus  level  of  the  maternal  diet  appears 

to  be  of  limited  value  in  the  selection  of  chicks  for  the  biological  assay 

.;■  ,^        .  I  ■■■■■■;■';■  *■ 
of  pnosphor-us.    ■   •       -       ^"  .     .         - 


Mm. 
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Variation  BetT.'een  Battery  and  Floor  Conditions 

The  calciimi  and  phosphorus  requirements  of  chicks  appear  to  be 
similar  whether  grovm  in  batteries  or  in  floor  pens.  Therefore,  results 
obtained  •with  chicks  grown  in  batteries  should  be  applicable  to  chicks 
grorm  in  floor  pens,  '  ;  '  ,  .,  _. 

;      Comparison  of  Assay  Techniques  ■  '  , 

Variation  in  the  procedure  used  to  assay  phosphate  sources  or 
to  interpret  the  results  of  such  assays  may  significantly  influence  the 
relative  biological  value  of  a  phosphate  source.  The  use  of  different 
calcium :phosphorus  ratios  at  different  levels  of  phosphorus  supplementa- 
tion appears  desirable  in  order  to  elicit  maximum  response  of  the  chick 
and  allow  full  utilization  of  the  phosphorus.  -,  . 

Source  of  Calcium 

No  differences  in  calcium  availability  v;ere  observed  between 
reagent  calcium  carbonate,  reagent  calcium  sulfate,  ground  oyster  shell, 
two  samples  of  ground  limestone,  and  reagent  calcium  gluconate  when  fed 
to  chicks  at  levels  ranging  from  0.2  to  0.7  percent  of  the  diet.  There- 
fore, any  of  these  sources  could  be  used  to  supply  the  calcium  in  phos- 
phorus assay  diets  without  affecting  performance  of  the  chicks. 

!  Vitamin  D  Levels  \\ 


iBvels  of  vitamin  D-^  greater  than  those  suggested  by  the  National 
Research  Council  (i960)  resulted  in  increased  body  Yjeight  and  bone  ash. 


iwm- 


-  Ill  - 

■  i.  ^  .  -  ■'-- 

However,  the  response  to  increased  levels  of  the  vitamin  becone  less  as 
the  calciim  and  phosphorus  levels  more  closely  approached  the  optimum. 
The  response  to  vitamin  D3  supplementation  appears  to  be  due  to  enhance- 
ment of  calcium  absorption  when  dietary  inbalances  of  calcium  and  phos- 
phorus exist.    -;   '    '  . 

Availability  of  Phosphorus  from  Animal  Protein  Supplements 

:-''r;;"'r'-     ,_.  ;   Phosphorus  supplied  to  chicks  from  fish  meal,  poultry  by-product 
^.j;^"-:.    ineal,  or  meat  and  bone  meal  was  utilized  by  chicks  for  body  weight  gains 

and  bone  calcification  as  well  as  dicalcium  phosphate  or  monosodium 
'"*-"'•  :-   phosphate.  Therefore,  no  adjustment  for  availability  of  this  mineral 

needs  to  be  made  in  formulation  of  poultry  diets  when  these  animal  pro- 
tein supplements  are  used, 

V        '   ■■   i'  ■■--.'  - 

Availability  of  Phosphorus  from  Plant  Sources 

^:'.?;;  ''        The  phosphorus  of  phytic  acid  (inosital  hexaphosphoric  acid) 
was  found  to  be  highly  available  for  growth  and  bone  calcification  of 
chicks.  Hov/ever,  widening  of  the  Ca:P  ratio  in  the  diet  decreased  the 
availability  of  the  phosphorus  in  phytic  acid  to  a  greater  extent  than 
that  from  dicalcium  phosphate.  .     / 

.  .;  Sodium  phytate  phosphorus  was  less  available  than  phytic  acid 
phosphorus,  but  the  availability  tended  to  increase  as  the  level  of 
supplementation  increased.  Calcium  phytate  phosphorus  was  relatively 
unavailable  for  growth  purposes  but  somewhat  more  available  for  bone 
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calcification.  Increasing  the  vitamin  D  level  of  the  diet  from  360  to 
1,080  I.C.U.  per  -ocKud.   significantly  increased  the  availability  of  phos- 
phorus from  calcium  phytate  but  not  from  sodium  phytate  or  phytic  acid. 
Lo^v  calcium  levels  and  narrov;  Ca:P  ratios  tended  to  improve  the  utili- 
zation of  calcium  phytate  phosphorus,  Hovjever,  these  lo?;  levels  of 
calcium  were  not  the  most  desirable  levels  for  optimiom  performance  on 
diets  supplemented  with  dicalciun  phosphate. 

Phosphorus  supplied  to  the  chick  from  natural  plant  materials 
appears  to  be  more  available  than  generally  assumed.  Organic  phosphorus 
from  several  plant  feedstuffs  promoted  body  -weight  gains  that  were  eqi;ial 
or  superior  to  inorganic  phosphate  supplements.  However,  this  source 
of  phosphorus  was  somewhat  less  available  for  bone  calcification. 
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